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PREFACE. 

In the present work the author brings up to date the 
series of technical papers which he has prepared as cir- 
culars of the Educational Bureau of the Paint and Var- 
nish Manufacturers Association of the United States, 
since January, 1919, covering his researches in the tech- 
nology of paint and varnish. 

Every thinking individual must be impressed with the 
importance in everyday life of the protective coatings 
which are depended upon to preserve wealth and health, 
and to add to the beauty of our surroundings. It is hoped 
that this volume will bring a fuller realization of the 
importance of surface protection and a better under- 
standing of how to obtain and maintain it. 

The author wishes to acknowledge the contributions to 
the work by his various colleagues, and the helpful sug- 
gestions of the members of the Educational Bureau as 
well as the members of the Paint and Varnish Associa- 
tions. 


Washington, D. C., November 1, 1920. 
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CHAPTER I 

Resume of Soya Bean Oil Investigations 

Soya bean oil has become one of the staples of the paint 
trade. Due to the rapidly climbing imports and increased 
domestic production, quantities are betng made available 
for more extended use. It is believed that an immediate 
presentation of summarized data on soya bean oil, as 
previously published by the writer, in circular form, may 
be of interest at this time. 

In Circular No. 50, entitled ‘‘Soya Oil in Paints,'" pub- 
lished in June, 1917, the following information was pre- 
sented : 

For many years the makers of high-grade prepared 
paints have used pure linseed oil as a liquid for such 
paints, adding the usual small amount of drier and thinner 
required to form a practical paint. Whenever rosin oil, 
gloss oils, or neutral petroleum base oils have been used as 
such, partially or wholly to replace linseed oil in such 
paints, disastrous results may follow. There is, however, 
a class of pure vegetable oils produced from seed in the 
same manner as linseed oil, which have a thoroughly legit- 
imate use in the paint industry. Of these oils, soya bean 
oil is the most prominent. From the standpoint of resist- 
ance to exposure when used in paints, it compares favor- 
ably with linseed oil, but on account of its somewhat lower 
drying value, it does not become as hard, and has, there- 
fore, a tendency to hold particles of dust present in the 
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atmosphere. The retention of such dust causes a white 
paint made with soya oil to assume a slightly darker ap- 
pearance than a similar paint made with linseed oil. It 
has been found, however, that the use of additional drier 
overcomes this tendency to a great extent. 

While it is possible that the use of soya oil in paints 
is contemplated by manufacturers who are unable, on ac- 
count of the present flax shortage, to obtain sufficient 
linseed oil for their requirements, it is probable that this 
oil will always be used in admixture with preponderating 
amounts of linseed oil. When used in this fashion, its 
purpose would be to assist in overcoming the present 
shortage rather than to lower the price of the product 
in which it is used, since soya oil sells at a price sub- 
stantially the same as that of linseed oil. 

Suggestions have been made for the use of paint oils 
containing from 2 to 3 parts of linseed oil mixed with 
one part of soya oil. Such oils would doubtless give very 
good results, and when used, the amount of drier may 
be slightly in^’eased, so that the soya oil paint shall con- 
tain one-third more drier than the amount used for lin- 
seed oil. Lead and manganese driers such as are now 
used with linseed oil also give excellent results with soya 
oil. Cobalt driers are, however, even more efficient with 
soya oil and can be used in many cases to advantage. 
Some results on drying tests with soya oil are presented 
in the latter part of this circular. 

One of the most promising uses for soya oil is for the 
grinding of oil colors. When used for this purpose, soft 
pastes are obtainable which do not become hard even upon 
long standing. Moreover, the amount of soya oil that 
would be introduced into a white paint base as a result 
of the use of such colors would be extremely small, since 
relatively small amounts of color are required for making 
most tints or shades. 

A series of extensive tests was made at Washing- 
ton, by the writer, to determine the wearing value of 
various oils when used with a standard pigment mixture 
consisting of white lead, zinc oxide and a moderate per- 
centage of inert pigment. In these tests, several mix- 
tures containing soya bean oil were included. The results , 
of the tests on these paints after exposure for various 
periods ^f time are shown in Table I. Repainting tests 
covering nearly three years exposure were made on each 
paint. 
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TABLE 1 





! 


(leiieral Film 

Panel. Formula. | 

Vear. 

I C'olor. 

Chalking. 

Cheeking. 

I Condition. 

2 100% Soya 

1012 

I )arkened 

Very .slight 

Slight 

V(‘r>' good 

Mean Oil 






101 2 

Veiy dark 

.Medium 

.M«*dlum 

< lood 


101 1 

Fairlj white 

‘OMsiderable 

Mt'dluin 

Fairly good 


*R-ion; 

Slight 

Medium 

.Medium 

Fairly good 



dai kenlng 




•R-1017 

Fairly white 

Slight 

Medium 

Fairly good 

10 !:aw 

1012 

White 

Medium 

Very slight 

Cood 

Lin.s<‘e(l Oil 





.'O', S('V ' 

1012 

Faiil.v white 

Medium 

^Very slight 

Oood 

Pean Oil 







lOH 

White 

Me-lium 

Very sliglit 

idood 


*IM01« 

White 

.Medium 

.Slight 

i l'’airly good 

1 


•R-1017 

White 

.Mislium 

.Medium 

Fairly good 

IS Tf.'w Raw 

1012 

Kairlv white 

Medium 

Shpht 

( lood 

Linseed Oil 






Si)\u 

1912 

Faiiiv white 

Coin.ideraldt 

Veiy sliglit 

Fairly good 

Dean ( HI 



1 


1014 

1 White 

Medium 

Slight 

Fair 


•R-lOlf? 

White 

.Medium 

.Medium 

Fairly good 


•R-1017 

White ' 

i Slight 

Medium 

Fairly good 

27 ri0% mown ' 

1912 

1 ' 

Very W'hite 

.Slight 

Slight 

< lood 

Idnseed Oil 


1 

; Slight 


1 

50% Soya ' 

1013 

! Wliite 

; Medium 

(lood 

Lean Oil | 




1 

1 

1014 

' White 

' Medium 

; .Medium 

rjood 


•R-1916 

' White 

1 Considerable 

' Very slight 

|Very good 

1 

•R-1917 

i White 

! Slight 

1 

Slight 

Good 


•K — abbreviation for “Repainting Tests" 
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Possible Production: 

Since it has been found that soya beans have a higher 
percentage of digestible protein* than practically any 
other food, and can be used in the production of soya flour, 
milk and other valuable food products, it is probable that 
a very large acreage will be planted this year. The crop 
of seed may be extracted or pressed for its oil content 
at any of the cottonseed mills in the South. The oil may 
be used in the paint and soap industries and the press cake 
in the manufacture of various food products of great 
value. 


Composition of Missouri Soya Beans 
Crushed at The Institute of Industrial Research 



No. 635. 

No. 1219. 

No. 2253. 

Oil 

18.68% 

15.00% 

18.94% 

Cake 

81.37% 


81.06% 


100.0()%’ 

100.00%. 

100.00% 

Analysis of Oils 



No. 635. 

No. 1219. 

No. 2253. 

Iodine Number 

132.1 

135.2 

127.3 

Acid No. 

0.4 

0.4 

0.4 

Saponification No. 

192.2 

192.3 

191.6 

Specific Gravity 

.916 

.915 

.915 

Analysis of Cake (oil-free) 



No. 635. 

No. 1219. 

No. 2253. 

Nitrogen 

6.98V' 

6.96% 

7.51% 

Nitrogen = Protein 

. 39.68% 

39.65% 

42.71% 

Potash (KaO) 

2.52%’ 

2.12% 

2.18%> 

Soda (NajO) . .. 

.10% 

.147^ 

.13%c 

Phosphoric acid (PaOs) 

2.06 %> 

2.07% 

2.24% 


The writer has examined a number of repr^BWitative 
samples of the oil that have come into this pQNicu^y, and 
results obtained are shown in Table 2. 


•See Hull. 312. i»hio AkiU'. Kxp. Station. 
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TABLE 2 

Chemical Characteristics of Soya Bean Oil 


Sam- 

ple 

No. 

.Specific 

gravity. 

1 .Vcid No. 

! 

1 .Suponifi- 
c.ilion No. 

’ Iodine No. 

IVr cent 
of foots. 

1 .. 

0.9233 

1.87 

188.4 

127.8 

3.81 

2 .. 

0.9240 

1.92 

188.3 

127.2 


3 .. 

0.9231 

1.90 

187.8 

131.7 



4 . 

0.9233 

1.91 

188.4 

129.8 


5 .. 




130.0 


6 .... 




132.6 


7 ... 




136.0 


Av. 

0.9234 

1.90 

, 188.2 

i 130.7 



It is evident that the iodine value of soya bean oil is 
the only chemical characteristic that markedly differen- 
tiates it from linseed oil. Therefore, in the detection of 
soya bean oil and its estimation, the iodine values of sev- 
eral samples of mixed oils are given, as being of interest 
in this connection. 


TABLE 3 

Iodine Values of Linseed Oil and Mixed Oils 


.Sam- 

ple 

No. 

.Steal^lit 

linseed. 

North 

A nuTK’an. 

.S<»ya 

25 pel c’cnt. 

Linseed. 

7,5 per cent. 

.Soya 

50 per Cent. 

Linseed. 

,50 per cent. 

.Sovfl. 

' 7,5 per cent. 
Linseed. 

2.5 per cent. 

1 

190.3 

175.2 

160.7 

140.4 

2 . . 

189.5 

175.9 

161.7 

140.8 

3 

188.0 

175.4 

160.3 

139.0 

Av. 

189.3* 

175.5 

160.9 

1 140.4 


A .series of tests were conducted to determine the rate 
of drying of soya oil treated with lead i^nd manganese 
driers. A definite quantity of oil was placed in weighed 
friction-top can covers, which were reweighed after re- 
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ceiving the oil, to determine the amount used for the test 
in each case. The tin covers containing the oil were then 
placed in a large box under definite temperature control 
and humidity for a certain period. Weighings were made 
at different periods, and the increase in weight, due to ab- 
sorption of oxygen, was calculated to percentages. 

Tables 4, 5 and 6 give the results obtained. The time 
of drying was somewhat longer than with linseed oil. 
Later tests show that driers prepared from cobalt resinate 
or linoleate are much more efficient than lead or manga- 
ne.se driers for drying soya oil. 


TABLE 4 

Soya Bean Oil and Lead Drier 


Per cent. PbO. 

1 

0.05 i 

i 

0.10 

0.30 i 

0.50 

! 

0.70 

1.00 

1 

I 

1.301 

t 

1.60 


1 day 

! 

0.07 

0.63 

1.34 

1.05 

1 

1.53 

0.93 

1.35 


3 days 

1 ; 

i 

0.07 

3.52 

4.31 

2.75 

!4.86 

4.82 

4.12 


5 days 

- ■! 

0.09 

5.04 

[6.06 

6.09 

6.75 

6.66 

5.52 

Per ct. gain 

12 days 




16.881 

7.34 

7.43 

7.76 

7.32 

6.47 


Ifi days 




8.84' 

8.93 

8.59 

8.81 

(8.44 

7.46 


20 days| 

0.05 

0.20 

' 9.021 

1 

9.08 

, 

8.90 

9.03 

(8.65 

7.83 


♦South .Amerifan flax often produces an oil having an Iodine 
value of about 176. 


TABLE 5 

Soya Bean Oil and Manganese Drier 


Per cent. MnOs. 


0.01 

0.0s 

0.15 

0.26 


1 day 



0.02 

0.02 

Per cent, gain 

10 days 


5.06 

6.48 

6.10 


20 days 

0.05 

L_ 

9.07j 

'8.80 

6.78 
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TABLE e 

Soya Bean Oil, Manieranese and Lead Drier 


Per cent. PbO. 


: 0.20 

0.30 

0.50 

Per cent. MnOa. 


! 

' 0.05 

0.16 

0.25 


1 day - 

3.04 

" 3.77 

3.74 

Per cent, gain .. . 

8 days 

' 5.96 

6.43 

6.47 


12 days. 

6.33 

6.78 

6.67 


The writer recently submitted to a number of investi- 
gators on a sub-committee of Committee D-1, American 
Society for Testing Materials, several samples of com- 
mercial soya bean oils for the examination and deter- 
mination of their suitability for use in paints. The fol- 
lowing directions were also submitted for guidance in the 
testing work: • 

Heat Test . — Heat 2 oz. of the oil at 450"* F. in a glass 
receptacle until bleaching is noticed. Then blow a slow 
current of dry air through the oil until the specific gravity 
has increased to .950. This may require a period of 7 
hours. The blowing should be conducted at a temperature 
between 800” and 370“ F. The oil should become light 
and fairly rapid drying. 

The heat tests to which the soya oils were subjected 
gave interesting results, but did not in any case seem to 
increase the drying value of the oils, and this indicates 
the necessity of using the same amount of driers for 
heated as for raw soya oils. It is fairly well establi.shed 
by the tests, however, that most soya oils will bleach un- 
der the heat treatment and become viscous. 

In the determination of the analytical constants of 
soya oil, results which agree very closely were obtained 
by nearly all of the observers. 

Average Constants of Nine Samples of Raw Soya Bean 
Oil as Taken from the Results of Nine Observers 


Specific gravity - 0.9247 

Saponification number 192.0 

Iodine number 134.5 

Acid number 2.14 
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In Circular No. 63, entitled ‘‘Legitimization of Soya 
Bean Oil,” published in June, 1919, the following state- 
ments were made : 

The rapidly growing production of soya bean oil in the 
United States is to a very great extent due to the early 
work of the Educational Bureau. During the past year 
there has been produced in North America over five mil- 
lion gallons of this oil, and an additional large quantity 
has been imported. 

Exposure tests have shown that 20% of .soya bean oil 
may be mixed with 80 %^ of raw linseed oil to produce a 
paint liquid that will wear quite as well as pure linseed 
oil. The above mixture will show an iodine number (in- 
dex of drying value) of approximately 170 when North 
American linseed oil is used as the base. In the writer’.s 
opinion, the above mixture (with an iodine value not less 
than 170) may be used with successful results in high 
grade paints. The adoption of this mixture for at least 
many types ot paint in which it is customary to use lin- 
seed oil wholly, would be sugge.sted. There should be no 
hesitation in disclosing, where analysis labels are now 
used, the actual composition of this liquid, as it is a 
thoroughly legitimate product which has proved satisfac- 
tory in scientific and practical tests. 

Soya bean oil mixtures are excellent for the grinding 
of certain paste tinting colors. The raw oil is of lighter 
color than raw lin.seed oil, and may be made even lighter 
by refining. Soya oil grinds easily with pigments and 
produces pa.stes that remain soft and less liable to stif- 
fening in the package than those made with pure linseed 
oil. The amount of soya oil introduced into a hou.se 
paint, for instance, through the use of painter^s paste 
tinting colors made on the above basis, would be extremely 
small and would not have any substantial influence upon 
the drying of the paint. Because of the above properties 
of soya oil, it would appear that it is an oil that is even 
more desirable than straight linseed oil for color grind- 
ing, and that colors produced with this oil should really 
have a higher sales value than those ground wholly in 
raw linseed oil. 

Soya oil has a higher flash point than any other vege- 
table oii used in the paint industry. It may be heat 
treated and blown to a viscous form. Its value in var- 
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nish making has already been indicated, and it is probable 
that it will soon be established firmly in the industry. 
Its further use is suggested. 


Further data on Soya Bean Oil in Paste Colors is given 
in an article presented by the writer on January 15, 1920, 
before the Pennsylvania State Association of Master 
Painters. This article was entitled “Livering of Paste 
Colors” and extracts therefrom are presented below: 


It may be well to describe an example of the livering 
conditions that have been observed by some painters. For 
instance, a paste made of linseed oil and pigments is at 
first found soft, smooth, and easily reducible with oil. 
Subsequently the paste becomes stiff, gelatinous, and hard 
to break up. The initial cause of this condition may b<e 
due to the formation and solution of certain products - 
resulting from chemical and physical reactions between 
the pigments and the liquids. Th^ reaction which brings 
about the initial effect is in many instances dependent 
upon free acid in the oil or upon the presence of ceitain 
portions of the liquid that are readily oxidizable. Nor- 
mal linseed oil, which is substantially neutral, seldom 
causes any trouble, but occasionally oil may contain mucn 
foots which, in turn, holds considerable amounts of water. 
The w^ater will hydrolize or split up oil into free fatty 
acid. The rapidity of this action depends upon the 
amount of water, intimacy of the mixture which exposes 
the oil to greater surface action, and to temperature. The 
acids formed react with the color pigment until the liquids 
become saturated with the products that evidence their 
presence by a thickened condition. When these products 
reach a certain concentration, or when their physial con- 
dition is disturbed, they separate or precipitate. Similar 
conditions have been observed when a poorly designed 
paint liquid of high resin content held in unstable solution 
by inferior processing of solvents, is added to an oil color. 
Small amounts of rosin or other highly acid resinous sub- 
stances, or acid driers may also be active causes which 
contribute to the hardening effect. The complexity of 
the problem is, however, evidenced by the fact that large 
quantities of rosin, large quantities of f^e acid, or large 
quantities of water may sometimes entirely prevent liver- 
ing. 
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Without pursuing a technical description of the phe- 
nomenon of livering, it is apparent that foots-free and 
substantially acid-free oils or thinning liquids should be 
used by painters for thinning linseed oil paste colors. 
I-»et us also consider an allopathic treatment even moie 
advanced for eliminating the livering ailment. 

The grinding of colors in oil is a difficult task. Each 
individual fine grain of pigment must be thoroughly wet- 
ted with the oil in order to get a smooth paste. All these 
pigments are characterized by surface tension which tends 
to resist wetting. Great pressure developed by properly 
run mills is neces.sary to overcome this force. Different 
liquids differ in their wetting power, and the surface ten- 
sion of the grinding liquid must bear a certain relation to 
the surface tension of the color pigment, if a smooth paste 
is to result. While bodied oils may have a greater ten- 
.sion than raw oils and for this reason are sometimes used 
in small percentage to assist in grinding colors and to in- 
crease color strength by dispersion, we are at present deal- 
ing with the ordinarily used raw oils. Soya bean oil, for 
instance, has^een found to have a much greater wetting 
power than linseed oil, and a color mill running on a soya 
paste color can turn out with lower power consumption 
much more wetted color than one running on a linseed 
paste. Furthermore, the resulting .soya oil paste almost 
invariably will .show a much softer condition- This is to 
.some extent due to the fact that soya bean oil is substan- 
tially free of tho.se oxidizable acid glycerides of the lino- 
linic type. Moreover, soya bean oil, because of its chem- 
ical make-up, prevents the pi'ecipitation of the particles 
that may be in some type of solution. Consequently such 
pastes, if well packed, will remain very soft. 

The fact that raw soya oil is not as good a drying oil 
as linseed oil will at once occur to you as a reason for 
questioning the use of paste colors ground with soya oil. 
While this objection might apply where a sPlid color paste 
is reduced with varnish for making an enamel, ft should 
be remembered that the amount of tinting color added- to a 
white paste to produce nearly any tint and most light 
shades of interior or exterior paint, is very small. As 
such color in oil generally contains less than 25% of oil, 
the balance being pigment, it will be seen that the amount • 
of soya oil added to the paint would be extremely small 
and insufficient to assert any non-drying tendency. For 
instance, to produce a fairly substantial tint of yellow. 


" 18 



RESUME OP SOYA BEAN OIL INVESTIGATIONS 


blue, gray or green, the amount of oil color added to a 
white paint would in most instances run not more than 
3% or 4% of the total. If soya oil is used in these paste 
tinting colors, there would be present in the paint not 
more than 1% of soya bean oil, which is evidently insuf- 
ficient to cause any detraction in the drying powers of the 
paint. 

Becauj'e of the fact that blacks such as are used for 
solid color work require such extremely large amounts of 
oil for grinding and seldom show the hardening conditions 
above referred to, painters will probably continue to pre- 
fer such colors ground in linseed oil. This might also 
apply to lake colors. 

Soya bean oil also has possibilities as a medium for 
grinding red lead. At present it is sometimes difficult to 
secure paste red lead in linseed oil that will keep indef- 
initely. While some samples obtainable may remain .soft 
for long periods of time, other samples may become hard. 
With soya oil, however, a soft paste results, that has ex- 
cellent keeping properties. The writer recently ground 
some red lead in the proportion ^f dry red lead 

and 12V2'/c .soya bean oil. This pa.ste was thinned for 
brushing according to the following formulae: 


No. 1. 

Paste Red Lead 20 lbs. 

Raw Linseed Oil . . 4^Ai lbs. 

Drier 2 gills 

Turpentine 2 gills 

No. 2. 

Paste Red Lead ... 20 lbs. 

Linseed Oil (boiled) 5 pints 


When applied to metal .surfaces, the.se paints dried to 
touch in 12 hours, without showing sagging. They be- 
came fairly hard at the end of 24 hours. While this time 
of drying is not as rapid as may be shown by red lead 
ground in linseed oil and thinned in the same manner, it 
might be considered satisfactory. While no recommenda- 
tion at present is made for the u.se of such red lead pastes, 
the experiments recorded above are at least suggestive. 

In conclusion, it is suggested that manufacturers pro- 
duce a line of soya bean oil tinting colgrs and that paint- 
ers become acquainted with these products for their re- 
quirements. 
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In Circular No. 60, entitled “Changes in Oil Upon 
Storage/' a series of analyses were presented, showing 
the changes taking place in various oils upon storage. 
An extract from this circular, showing the results on soya 
oil, is given below. It will be noted that the changes tak- 
ing place over the long period of storage are not great, 
indicating that the oil is stable and not subject to rapid 
decomposition. 

During the early part of 1911 the writer secured a 
quantity of a number of commercial oils for use in experi- 
mental paints that were to be exposed to the weather to 
determine the efficiency of various oil mixtures as paint 
ingredients. After the painting tests were made, samples 
of the pure oils were placed in pint glass bottles having 
ground glass stoppers. The bottles were well filled; an 
air space above the oil of not more than one inch being 
allowed in any instance. The oils were placed upon a 
shelf in the laboratory where they were exposed to indirect 
light and to ordinary room temperature (in the summer 
not over 105° F. and in the winter not less than 35° F.). 
In November, 1914, portions of the oils wore removed from 
the bottles and examined as a check against the original 
determinations. Air was of course admitted during this 
procedure. During September, 1916, the oils were again 
examined; further quantities being removed for this pur- 
pose. The bottles were again placed upon the shelf and 
allowed to remain there until March, 1919, when further 
quantities were removed for examination. The results 
obtained on these samples are given below: 

TABLE 7 

Soya Bean Oil — 


March, 1911 

.. .924 

129. 

189. 

2.3 


November, 1914 

... .925 

130.2 

193.1 

4.7 

1.4813 

September, 1916 .. 

937 

122.0 

192.1 

7.0 

1.4733 

February, 1919 ... 

939 

121.7 

193.4 

7.8 

1.4721 


In Circular No. 37, June, 1916, there was reprinted an 
address by Mr. L. P. Nemzek, Special Technical Represen- 
tative of the Educational Bureau, before the Mississippi 
Cottonseed Crushers' Association, at New Orleans. Ex- 
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tracts from this interesting circular, which outlined the 
early work carried on by the Educational Bureau to stim- 
ulate the production of soya bean oil in this country, 
are given below: 


As early as 1907 the Bureau interested itself in a cam- 
pai^’:n to promote the increased production of flaxseed in 
the United States. The rapidly increasing demand for 
linseed oil, by the industries of this country, indicated that 
we should soon face a shortagfe of this commodity. It 
remained for the 1910 flaxseed crop failure to demonstrate 
what a menace to the paint trade such a shortage meant. 
Due almost entirely to the re.sultant scarcity of linseed 
oil, the prices commenced to soar during the latter part 
of 1910. Linseed oil reached the hin:h price of $1.00 per 
gallon during 1911 and high prices prevailed throughout 
most of the year 1912. This condition forcibly showed the, 
nece.ssity for a more profound investigation of oils which 
might find application as substitutes for linseed in the 
different industries which use the* oil in laige (juantities. 
In view of the fact that the work which was done toward 
promoting an increased production of flaxseed had keen 
so marvelously effective, it was decided to do work of 
similar majenitude with miscellaneous oils. 

Soya oil was one of the oils decided upon for the ex- 
periments largely because it was already available in 
quantities and could readily be imported. After looking 
into the matter it was found that the production of it 
might be developed on a satisfactory basis in this country. 
Soya beans were already being grown in considerable 
quantities, but up to that time domestic oil on a commer- 
cial scale had not been produced. 

Soya oil is crushed from the bean bearing that name. 
The bean is commonly referred to by the agriculturists 
in this country as “Soy,” but the oil, ever since it was first 
imported, has been known as “Soya Bean Oil” or “Soya 
Oil.” Largely for the sake of convenience the title “Soya 
Oil” has been used. The title “Soya” was, very likely, in- 
troduced from Manchuria, where the bean is grown in 
enormous quantities, and is a derivation from the Japan- 
ese “Shoyu” or “Soja.” “Soya” is replacing “Soy” when 
used in reference to the bean as such, even in the lan- 
guage of the agriculturist, and it is only a question of 
time when the word “Soya” will be adopted generally. 
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The first step in connection with the Bureau’s endeavor 
consisted of the importation of soya beans from Manchu- 
ria for oil-extraction tests and the distribution of this 
seed, togrether with seed from a number of varieties al- 
ready grown in this country, and the soliciting of the 
assistance of the State Agricultural Experiment Stations 
and other interested persons to urge the farmer to grow 
more soya beans for seed. While soya beans had been 
grown in this country for a good many years, this was 
done as a forage crop and for fertilization purposes. 
Only enough seed was being harvested to take care of the 
succeeding year’s planting. The far-reaching propaganda, 
through the active co-operation of the State Agricultural 
Experiment Stations and the different Bureaus of the 
U. S. Department of Agriculture, was solely for the pur- 
pose of inducing the farmer to increase his production. 

It was agreed that th^ best way to reach the farmer 
is through the State Agricultural Experiment Stations, 
as these institutions give the matter expert attention from 
a local standpoint and have proved to be the most valuable 
sources of information the farmer enjoys. They are capa- 
ble of giving the results of their work the greatest pub- 
licity, which was a big factor to be considered. Their 
Bulletins carry a prestige which no other means of pub- 
licity along this line can develop. For this reason more 
than anything else it was considered of the greatest im- 
portanoe to obtain the co-operation of the Agricultural 
Experiment Stations. 

While growing tests during 1911 and 1912 were lim- 
ited to North Dakota, Minnesota, Missouri, New Jersey 
and Kentucky, they were extended in 1913 to every State, 
with the exception of a very few, where conditions arc 
unfavorable from an agricultural standpoint. 

The tests were also extended to the Philippine Islands 
and to several places in Canada. It is noteworthy in this 
connection that there arc at least two varieties which can 
be successfully matured as far north as the southern 'por- 
tions of Quebec. 

During 1912, forty-eight varieties were experimented 
with, including four imported from Manchuria. This 
number was greatly increased in 1913, so that all available 
types would be included. It was considered likely that 
varieties ^previously discarded as unsuitable for forage 
purposes may prove desirable for seed production, so new 
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varieties were included in the oil extraction tests when- 
ever brought to our attention. 

In view of the fact that there are hundreds of varieties, 
many ol which differ in only a few minor respects fi‘om 
others, it was necessary, after making preliminary tests, 
to eliminate many of them in order to bring the number 
down to a practical working basis. There is really noth- 
ing to be gained by growing so many different varieties. 
The number has been reduced to about fifteen already 
popular varieties, namely: Mammoth, Medium, Yellow, 
Ito San, Holly Brooks, Haberlandt, Peking, Wilson, Au- 
burn, Black Eye Brow, Arlington, Tokio, Mikado, Vir- 
ginia, Chiquita, Sable and the Yellow Manchurian bean, 
which growing tests have shown to be very satisfactory. 
In time some of these will be eliminated, so that the num- 
ber will gradually be brought down to four or five varie- 
ties which prove to be the most satisfactory for forage 
purposes as well as for the production of oil. 

No sooner were the farmers interested in the larger 
growth of soya beans than they began to ask for informa- 
tion as to how and where the beans’ could be di.sposed of 
to be converted into oil. 

It was soon evident that the cotton seed mills in the 
South were best situated for crushing the beans. The 
location of the hundreds of these mills is fortunate, inas- 
much as the South is naturally adapted to become the 
great soya bean-producing section of the country. Defi- 
nite plans have not been evolved in sections where the cot- 
ton seed mills are not located, but in the northern section 
of the country the linseed oil mills will, very likely, crush 
the beans as soon as the production is large enough to 
warrant their going into the matter. In some sections, 
notably Tennessee, it was suggested that the farmers in 
a certain locality club together and conduct their own mill, 
disposing of the oil in the regular manner, and each 
farmer to use the cake from his crop for feeding purposes. 
In this way there would be returned to the land the full 
fertilizing values of the crop. The promoters of success- 
ful agriculture see in this a means to increase the produc- 
tion of soya beans, mainly because of the value which the 
farmer obtains by the improvement of his soil. 

During August and September, 1913, I made a trip of 
nearly twenty-four thousand miles, visiting most of the 
Agricultural Experiment Stations, to discuss matters re- 
lating to the increased production of beans for oil-crushing 
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purposes and to determine whether or not the cotton seed 
mills were in a position to handle the crop without mate- 
rially altering the machinery they use for the crushing of 
cotton seed or going to the expense of installing new 
equipment. Most of my time was spent in the States 
growing cotton and where cotton seed mills were already 
established. From the information obtained at that time 
I felt safe in stating in my 1914 report to the Association 
that the cotton seed mills were equipped to crush the beans 
with few minor and inexpensive changes in their equip- 
ment. Since that time reports from different mills have 
varied somewhat, but they are all more or less agreed 
that the bean can be successfully crushed and that the 
cost of changes to accommodate this crop need not be 
counted on as an item of expense. 

You are naturally interested most in the crushing of 
the bean, what they can be bought for, and how the oil 
and the by-product can be disposed of profitably. 

An important detail of the work that has been done so 
far is the determination of the oil-bearing properties of 
different varfeties of beans and an examination of the 
oils, particularly for drying properties. Hundreds of 
laboratory crushings have been made, and it was found 
that the oil content varies from 16 to 25 per cent. One 
of the interesting facts which was developed in connection 
with the extraction of the oil is the relation of the physical 
structure of the soya bean to the amount of oil it con- 
tains and the release of this oil by expression. It was 
found that of two varieties containing exactly the same 
percentage of oil one would yield its oil by ej^pression a 
great deal easier than another; in some cases, although 
two varieties contained the same amount of oil» one would 
yield, by expression, not nearly as much of it-^s another. 
A careful microscopic study of the structure of the oil 
cells of the different varieties of the beans may lead to the 
development of a variety which is particularly’ adapted 
for crushing purposes. 

The average oil content of soya beans is 19 per cent., 
While some varieties will uniformly run a little higher, 
two lots of the same variety will vary from 18 to 21 per 
cent., while occasionally a lot may run a little below 18 
per cent. 

During the past six or seven months there has been 
produced in this country in the neighborhood of one hun- 
dred thousand g^lons of soya oil. Samples from the djf- 
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ferent cmshiiigs have been examined in comparison with 
the imported oils. It was found that the chemical con- 
stants of the domestic oils compared very closely with 
those of the imported oils. A comparison of the chemical 


constants is here shown: 

Identification No. 

Specific Iodine 
Gravity No. 

Acid 

No. 

Saponi- 

fication 

FI, No. 9355 (Domestic) 

.929 

124.3 

0.8 

194. 

Lab. No. 383 (Domestic)...... 

.921 

129. 

0.6 

193.8 

Lab. No. 411 (Domestic) 

.924 

126. 

1.3 

201. 

Lab. No. 409 (Domestic) 

.925 

123.5 

2. 

196.1 

Lab. No. 335 (Domestic) 

.924 

126.3 

1.2 

190.4 

Imported Oil, FI, No. 8940... 

.925 

123.8 

1.9 

190. 

Imported Oil, FI, No. 9029.. 

.925 

133.8 

3.1 

190. 

Seme of the samples examined i 

showed 

a considerable 


amount of foots, indicating that the oil had not been al- 
lowed to settle long enough. Upon permitting these oils 
to settle, or after filtering, they w%re found to be equal 
to the best shipments of imported oil. Two or three sam- 
ples showed at the end of three days' standing a foots 
separation amounting to between 8 and 10 per cent, by 
volume. Some of this separation consisted of oil, but the 
foots matter was distributed through it. Had the foots 
been removed by filtration it would have amounted to less 
than 2 per cent, by volume of the oil; the gelatinous na- 
ture of this substance keeps it distributed over so large 
a volume of oil and thereby depreciates the value of the 
oil. 

The crude or raw oil should be clear, of good bright 
color, dnd possess a pleasant odor. Its chemical con- 
stants should fall within the limits set for soya oil. None 
of the domestic oils produced on a commercial scale have 
been found to show an iodine number as high as that of 
most of the Manchurian oils. The majority of the oils 
expressed in a laboratory way had iodine numbers fully 
as high as the Manchurian oils, which would indicate that 
it is possible to produce beans yielding an oil equal in this 
respect to the imported oils. The iodine number may be 
taken as an index as to the relative drying time of oils, 
although this does not hold absolutely, and soya oil, having 
an iodine number of 125, may prove just^as satisfactory 
as one having an iodine number of 135. 

In the crushing process about 75 per cent, of the oil 
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is expressed, the rest remaining in the cake. Cold press- 
ing will not return quite as much oil as when the ground 
beans are slightly heated. The bean yields its oil in a 
satisfactory manner if handled similar to the methods 
now in use for crushing cotton seed. 

After the oil has been expressed it should be permitted 
to settle thoroughly before tanking or placing in barrels. 

A ton of the beans will produce between 35 and 38 gal- 
lons of oil, depending upon the variety of the bean, which, 
to a certain extent, determines the percentage of oil. 
Taking 19 per cent, of oil as a good average, and figuring 
that between 4 and 5 per cent, of the oil remains in the 
cake, as there is some loss in the process of manufacture 
through moisture which is driven oif, cleaning of machin- 
ery, etc., it is advisable to figure the cake returns from a 
ton of the beans to be about 75 pounds less than the dif- 
ference between the amount of oil produced 'and the beans 
pressed. 

In order that, under normal conditions, the mills can 
operate at a satisfactory profit the beans should be avail- 
able for about $1.00 per bushel. They should not cost 
more than $1.25, although during periods of vegetable oil 
shortage the mills may find it possible to pay a little more. 

It may prove profitable for the mills to import the 
beans from Manchuria. Due to the war and its effect on 
water freights it would not prove a desirable undertaking 
at the present time, but when the matter was looked into 
two or three years ago it was found that the beans could 
be imported for $1.00 per bushel. The mill operator 
should keep this in mind, because the future production in 
this country may be such at certain periods, at least, to 
warrant importation or, on further and more oareful in- 
vestigation, it may be found possible to cru^ imported 
beans almost continually regardless of what this coun- 
try's crop develops into. 

In portions of Manchuria, where the best results are 
obtained, the yield per acre varies from 20 to 30 bushels. 
The average height of the plant is about 36 inches; the 
plants carry from 30 to 100 pods, and each pod carries 
from two to three seeds. The variety cultivated most 
extensively is a medium-size bean, yellow in color, and 
almost round. The yield in this country from data up to 
date varies from 12 to 63 bushels; twenty-five to thirty 
bushels can be considered a fair average. 

From the present outlook the price of soya beans under 
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normal conditions will be determined very largely by the 
market value of seeds from which competing oils are 
made, chiefly flaxseed, cotton seed and corn. The price 
of soya beans will always be lower than flaxseed and 
higher than corn. Soya beans as a crop can be grown 
under very much the same conditions as corn, and while 
the yield in bushels is 15 to 25 per cent, less, an advance 
of 25 to 30 cents per bushel over com should make them 
a profitable crop, taking into consideration the fertilizing 
value of soya beans, which is of vital importance to the 
farmer, and will continue to be as the fertility of the land 
is decreased by continual cropping and the cost of artificial 
fertilizers increases because of the growing scarcity of 
materials from which they are made. 

In those sections of the South where the cotton fields 
are infested by the boll weevil, the growers may find it to 
their advantage to produce soya beans on a large scale. 
The Alabama Cotton Seed Cinishers’ Association has the 
matter under careful consideration at the present time. 
The cotton crop of certain sections of that State has been 
seriously affected by the disastrous results which accom- 
pany the boll weevil. 

It is at once apparent that it is to the advantage of the 
cotton seed mills to take up the crushing of soya beans. 
In the first place it will help to give the mills a longer 
season and thereby shorten the period of idleness. This 
period generally varies from four to six months every 
year with different mills. 

The crushing of soya oil has advantages over cotton 
seed; it is a cleaner and easier material to handle pre- 
paratory to crushing, and the bean releases its oil as 
freely, at least, as cotton seed. 

The cake as such, or in the form of meal, should be 
disposed of just as readily as cotton seed cake or meal 
for fertilizer purposes or for stock feed. As a stock food 
soya bean meal is even better than cotton seed meal. 
The crude or raw oil, after it has settled, finds applica- 
tion chiefly in the manufacture of soap, paints, linoleums 
and in foundries in the manufacture of cores. Quantities 
of soya oil have been used in the manufacture of cores 
with very satisfactory results. The oil has been found 
superior to what is commonly known as “core oil.'' Soya 
oil for this purpose has been found much sul)erior to com 
and cotton seed oil, which have also been tried out on a 
large scale. 
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While practical paint tests started in 1911 have not 
yet been completed, and the Bureau, in line with its 
adopted policy, does not intend to make a definite report 
until the investigation has been finished, the writer feels 
safe in stating that large quantities of soya oil will event- 
ually be consumed in the manufacture of paint and var- 
nish. Because of the inferior drying properties of soya 
oil as compared with linseed oil it cannot entirely displace 
linseed, and its use in connection with linseed oil will 
be limited to from 25 to 50 per cent., depending on the 
product in which it is used. You understand that the 
drying properties can be taken care of when used in such 
quantities by the addition of driers, or the oil may be 
treated with metallic driers in the varnish factory, and 
in this manner the drying properties can be made to re- 
semble those of linseed oil. For some time to come and, 
depending somewhat upon the price of cotton seed oil, 
soya oil will find its largest consumption in the manufac- 
ture of soaps. At the present time it is more adapted 
for use in 4^his industry than in any other. 

The oil can be refined and, when this is done, it is 
suitable for edible purposes. It can be used in a manner 
exactly similar to cotton seed and, in some respects, it 
may even be superior to refined cotton seed. Tests have 
been made by the Baskerville Process with excellent re- 
sults. 

The cake and meal can be disposed of as fertilizer and 
as stock food. In both respects it is the equal, at least, 
of cotton seed cake or meal. Here again the Agricultural 
Experiment Stations can point out the advantages to the 
farmer and stock grower. 

Soya oil foots finds a market in exactly the same man- 
ner as cotton seed oil foots. 

It is an assured fact that the demand for the oil will 
increase. The importations for the United States for the 
past five years have varied from fifteen to forty-five mil- 
lion pounds, and, as the oil becomes better known, more 
will be used, so that within a few years the consumption 
in this country should be at least several times the amount 
which has been used during any year heretofore. 
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CHAPTER II 

Driers for Soya Bean Oil 

The writer has received many requests for informa- 
tion as to the most efficient driers for soya bean oil. The 
results of a laboratory investigation that has just been 
completed, justify, in so far as these tests are concerned, 
the conclusions given below. It is believed that similar 
results with soya oil may be obtained by paint manufac- 
turers who are skilled in the treatment of oils. 

1. Through the use of proper driers, raw soya bean 
oil may be dried almost as rapidly as boiled linseed oil. 

2. Heat treatment of raw soya bean oil produces a 
material that dries more rapidly than the raw oil and is 
more receptive to the action of driers. 

3. When used alone as driers, the maximum amounts 
of cobalt, manganese or lead that it is desirable to incor- 
porate in raw soya bean oil are 0.03%, 0.07 and O.SO^'r , 
respectively. The actual amount of safts of the above 
metals, corresponding to such metallic content, may be 
calculated by reference to Table 8. 

4. Linoleates are perhaps the best form in which 
driers may be incorporated in soya bean oil. 

5. Cobalt and manganese have a tendency to produce 
hard films, whereas lead and zinc driers produce some- 
what more elastic films. Consequently a combination 
of driers, in proper proportions, gives a more suitable re- 
sult. This appears true not only with raw or treated 
soya bean oil, but also with mixtures of these oils with 
linseed oil. 

6. The drier combinations that produced the best re- 
sults, in the order named,, are given below : 

{ Manganese linoleate containing 0.03% manganese 
Lead linoleate containing 0.20% lead 
Cobalt linoleate containing 0.017c cobalt 

B ( Lead linoleate containing 0.20% lead 
( Cobalt linoleate containing 0.02% cobalt 
29 
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Previously published data on the subject of driers re- 
cord the results of tests made on glass plates that were 
re- weighed from day to day to determine the increase in 
weight due to oxygen absorption. In such tests the ne- 
cessity of obtaining accurate weighings precluded the 
possibility of touching the films during the eight- or ten- 
day drying periods, to find out when the oils had set. 
Although affording considerable scientific data, tests of 
the above type have been of limited practical application. 

In the new series of tests that have just been com- 
pleted, the writer has omitted the weight tests and made 
determinations of the drying of the films simply by touch- 
ing the painted surfaces every few hours until they had 
become hard. The tests have been made with great care 
and it is believed the information that has resulted there- 
from will be of considerable service to the manufacturers 
of paint and varnish at this time. All the driers reported 
on are obtainable commercially and may be added by the 
paint manufacturer to liquids containing soya oil, in order 
to obtain the desired degree of drying. 

The driers used in the tests were as follows : 

Lead Linoleate 
Lead Kesinate 
Manganese Linoleate 
Manganese Resinate 
Manganese Borate 
Cobalt Linoleate 
Cobalt Resinate 
Cobalt Acetate 
Zinc Resinate. 

r , 

i The lead linoleate and lead resinate were prepared by 
saponifying linseed oil or rosin with caustic alkali and 
then treating the clear aqueous solution of the soaps thus 
formed with acetate of lead solution. The insoluble pre- 
cipitates were filtered off, washed thoroughly with watery 
and dried in vacuo over calcium chloride. The mangan- 
ous, cobaltous, and zinc soaps were prepared by similar 
methods, lining manganous, cobaltous, 'and zinc chlorides, 
respectively, as the precipitants. The manganese borate 
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was prepared by adding a solution of borax to a solution 
of chloride of manganese; the white precipitate being 
washed with water and dried as above. Cobalt acetate 
was obtained in chemically pure crystal form. Through- 
out the tests it was decided to base the efficiency of the 
driers on their metallic content. Analysis was therefore 
made of each drier prepared, and there is given below a 
chart showing the theoretical metallic content of each 
drier, as well as the content that was actually found by 
careful chemical analysis of the products as prepared : 


TABLE 8 


Theoretical 

Name of Drier Metal Content 

Metal Content 
Found by Anaylsis 

Lead Linoleate 

.. 28,42% 

Lead 

.. . 26.16% 

Lead Resinate 

- 26.65% 

Lead . . . . 

.. .24.12% 

Manganese Linoleate 

9.54% 

Manganese 

.. . 8.72% 

Manganese Resinate . 

8.407c 

Manganese 

7.13% 

Manganese Borate 

26.07% 

ManganeSe 

24.187c 

Cobalt Linoleate 

10.16% 

Cobalt 

. .. . 8.36% 

Cobalt Resinate 

8.96% 

Cobalt 

. . 6.92% 

Cobalt Acetate 

23.69% 

Cobalt 

24.18% 

Zinc Resinate .. . 

. 9.77% 

Zinc . .. . 

7.83% 


It will be observed that there are some slight differ- 
ences between the theoretical metallic contents and those 
shown by analysis. These minor differences are due to 
such causes as slight oxidation during the drying of the 
soaps,, and to traces of moisture that could not be removed 
from the curdy masses; In the case of cobalt acetate, 
the slightly high percentage of cobalt present was proba- 
bly due to the loss by the crystals of a small amount of 
water of hydration. 

Two series of tests were made on each drier. One 
series was made by applying the oils containing definite 
amounts of drier, to glass plates inclined at an angle of 
about 20°. The other series was made by applying the 
• same types of oils to boards that had already received two 
coats of paint thoroughly dried. The painting tests on 
boards were allowed to dry in a horizontafposition. The 
application in each test was made with a brush. 
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The oils used in the tests were prepared by dissolving 
the drier in raw soya oil with the aid of gentle heat. 
Stress should be laid on the proper method of solution 
of the drier in the oil, when strong stock solutions are 
required. Jt frequently happens that a given amount 
of drier added to the oil is not completely dissolved. ; Ap- 
parent solution may take place while hot, but on cooling 
a sediment deposits, consisting chiefly of uncombined 
drier.) (The best way of dissolving the drier is to heat the 
oil slowly to about 300“ C., then adding the drier in small 
portions during a period of about an hour, and continuing * 
the heating for about one-half hour after all the drier has 
been added. In this way the maximum amount of drier 
combines with the oil.; 

Sufficient quantities of drier were added by the above 
process to give stock solutions having a 1% metal con- 
tent. After preparation, the oils were Altered and a por- 
tion of each was ashed to determine the exact amount of 
metal present. Adjustments were then made by adding 
further amounts of oil or of drier, in order to make the 
solutions standard. From these stock solutions, by dilu- 
tion with raw soya oil, solutions for test were made, 
having a metal content noted in Tables 9 to 14, which also 
show the number of hours required to dry the applied 
films. ) 



Drying Tests on Glass 
Driers dissolved in 100% Raw Soya Oil. 
Time of drying reported in hours. 
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TABLE 10. 

Drying Testg on Painted Wood. 
Driers dissolved in 100% Raw Soya Oil. 
Time of drying reported in hours. 
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TABLE 11. 

Drying Tests on Glass 

Driers dissolved in a mixture of 75 % Raw Linseed Oil and 25 % Raw Soya Oil. 
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TABLE 13. 

Drying Tests on Glass 

Soya Bean Oil heated to 600° F. for 30 minutes, then dropped to 400° F. and air blown through it for 30 minutes. 

Driers were then added to this oil. 
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DRIERS FOR SOYA BEAN OIL 


From the foregoing, it would appear that the most 
efficient individual driers of the cobalt, manganese, or 
lead type that can be used with soya oil, are as follows: 

Cobalt linoleate in amount sufficient to show 0.03% metallic cobalt 
in the soya oil. 

Mr.nganese linoleate in amount sufficient to show 0.07% metallic 
manganese in the soya oil. 

Lead linoleate in amount sufficient to show 0.60% metallic lead in 
the soya oil. 

Zinc driers apparently react so slowly that they are not 
of great value. Because of their light color, however, 
they may be of service in white enamels. 

It should be noted that no matter in what form the 
metal is combined in a drier, its drying value is about the 
same, with perhaps a slight preference to be given the 
linoleates. 

It should be pointed out that paints dry more rapidly 
than oils, due to the accelerating action of the pigments. 
An oil, for instance, that dries in 16 hours will show a 
drying time of from 15 to 14 hours when made up into 
a paint with suitable lead or zinc pigments. 

Particular attention is directed to the notes attached 
to the charts reporting the experimental work, showing 
the effects of the addition of excess drier. It is gratify- 
ing to observe the corroboration evidenced in repeated ex- 
periments, on the maximum amount of drier that it is 
desirable to incorporate in soya oils. Excess drier may 
be more harmful than insufficient drier. 

In each instance the oils containing cobalt and manga- 
nese formed films having a hard, smooth finish ; the lead 
and the zinc driers giving a more elastic film. It would 
seem desirable, therefore, in order to get a hard and yet 
elastic film to combine these driers in proper proportions. 
With this in view, out of the innumerable combinations 
possible, a series of tests were made. Raw soya oil was 
used, containing the following driers, and the mixtures 
were applied to painted boards : 
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Metal. 


[ Cobalt linoleate 0.02% 

A \ Manganese linoleate 0.02% 

I Lead linoleate 0.30% 

B J Cobalt linoleate 0.02% ( 

I Lead linoleate 0.20%^ j 

C J Manganese linoleate 0.03% ) 

Lead linoleate 0.30% j 

Manganese linoleate... 0.03% | 

D Lead linoleate 0.20% 

.Cobalt linoleate 0.01%) 


E 


Manganese' borate 0.02% 

Cobalt resinate O.OV/o 

Lead resinate OAOVo 


F 


Manganese resinate 0.01% 


Cobalt acetate 0.03 % 

Lead resinate 0.40%' 


Dries in 17 hours to a fair film, 
but contains too much drier. 

Dries in 21 hours to an excellent 
film. 

Dried in 23 hours to a very good 
film. 

Dries in 18 hours to a most ex- 
cellent film. Apparently the 
best combination. 

Dries in 22 hours to a fairly 
good film; not quite as hard 
as those containing less lead. 

Dries in 19 hours. Apparently 
too much drier. 


The best combinations are D and B, in the order named. 

Applying driers D and B to mixtures of 75 9^ linseed 
and 269^, of raw soya oil, drying takes place in' 12 and 14 
hours, respectivefy, the resulting film in each instance 
being firm and smooth. When applied to soya oil that 
has been heated to 600*' F. and subsequently air-blown 
(see tests on this oil), drier D causes drying to take place 
in 17 hours, and drier B in 19 hours ; good films resulting 
in each case. Side by side with these last two tests, and 
under exactly parallel conditions, painted boards were 
coated with two samples of pure commercial boiled lin- 
seed oil Nos. 1 and 2. No. 1 contained 0.26% lead and 
0.0347c manganese. No. 2 contained 0.21%. lead and 
0.041% manganese. No. 1 dried in 13 hours; Nb. 2 in 12 
hours. 

The results show that by using drier D, it is possible 
to incorporate 25%, of soya oil with linseed and get a film 
that dries as rapidly as commercial boiled linseed oil. 
The six tests outlined above are charted below. 
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Linseed oil 75% ] 

Soya bean oil 25% } 

With Drier D J 

Linseed oil 76% ; 

Soya bean oil 25% } 

With Drier B J 

Heat-treated soya oil / 

With Drier D j 

Heat-treated soya oil I 

With Drier B J 

Boiled linseed oil / 

.26 lead, .034 manganese \ 

Boiled linseed oil ) 

.21 lead, .041 manganese I 


Dries in 12 hours to a firm, smooth 
film. 

Dries in 14 hours to a firm, smooth 
film. 

Dries in 17 hours. 

Dries in 19 hours. 

Dries in 13 hours. 

Dries in 12 hours. 
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CHAPTER III 


Maxine Animal and Blubber Oils 

Although whale and herring oils have been used to 
some extent in the manufacture of paint, menhaden oil 
has so far proved much more satisfactory. The better 
grades of menhaden oil often approach in constants the 
oil crushed from South American flax of a lower grade,, 
samples having an iodine value up to 170 being sometimes 
obtainable. The quantity of menhaden oil produced de- 
pends upon the activity of the fisheries. From the figures 
in Table 15, furnished by the U. S. Bureau of Fisheries, 
it will be noted that the production during 1918 exceeded 
that of 1917 in spite of war-time conditions. With the 
return to peace and the present high price of oils, it is 
quite possible that a greatly increased production may be 
made available. 

Refined menhaden oil has been in use for many years as 
a constituent of the liquid part of certain types of paint. 
For use in barn and roof paints and coatings for struc- 
tural steel, all of which are usually of a dark color, it has 
proved successful. In white paints it has so far proven 
less satisfactory, since it has the property of taking up 
dust. This is due to the fact that the raw fish oil does not 
dry permanently hard and has a tendency to become 
slightly soft in warm, moist atmospheres. This property 
may to some extent account for the elasticity of film that 
has been attributed to it. The use of red lead and other 
pigments which stimulate drying is advisable in such 
paints in order to reduce the softening tendency. 

Fish oil, like many other oils, gives much better results 
when blown and heat treated. The addition of driers 
during this , operation is advisable. When thus treated, 
products of ’a bodied nature result, which produce a much 
more satisfactory film than does raw oil. 
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The odor of fish oil is claimed to be due to the presence 
of small percentages of clupanodonic acid. The removal 
or destruction of this acid would possibly do away with 
the objectionable odor of the oil. Great difficulty, how- 
ever, has attended the attempts that have been made to 
remove the odor. It is probable that the real odor is due 
to the presence of amines that are not readily broken up. 
Although it is well known that marine animal oils, such 
as whale oil, may be made perfectly neutral in odor by 
hydrogenation, the degree of hydrogenation required to 
remove the odor is apparently so great as to considerably 
lower the iodine value and stiffen the oil to a degree that 
would make it unsuitable for use in paints. 

Some of the many attempts that have been made to 
treat fish oil to reduce the odor are described in the fol- 
lowing patents : 

English Parent 12,520, \9()5; German Patent 169,410: A. de Hemp- 
tine. Treatment of fish oils with ozone. 

German Patent 162,638: Sanberg. Concentra^e^l sulphuric acid. 

U. S. I’aronl 823,361: Potolowsky. Conccnt^'atcd .sulphuric acid 
plus uiiric acid. 

English Patent 7901, 1906: E. Bohm. Heating in vacuo to oOO’- 
400” C. 

German Patent 202,676, 1908: E. Peterson and H. Holstein. Treat- 
ment with superheated steam, chalk and charcoal. 

English Patent 23,634, 1906; Bottaro. Odorless fatty acids ob- 
tained from fish oil by saponification with lime and subsequent 
decomposition of the lime soap with sulphur dioxide gas. 
French Patent 394,456; C. H. J. Melfling. The fish oil is emulsi- 
fied with alcohol and after separating the alcohol the oil is 
washed with hot water to remove the alcohol retained by the 
oil. The washed oil then is treated with fuller's earth .dr ani- 
mal charcoal. 

French Patent 394,630: G. van der Heyden. Treating the fish 
oils with six to eight times the volume of alcohd at 70”. 
washing with hot water and treating the washed oil with 
fuller’s earth at 76®-80” C. 

French Patent 448,617: S. H. Goldschmidt and C. Jorgensen. By 
treating the “sebacic acid” of whale and fish oils with sodium- 
hypochloride containing as little sodium hydrate as possible. 
English Patent 18,925, 1918: F. Bergins. Fish oil is deodorized 
by a single heating to 260 ”-300” C. for several hours. 

German Patent 294,136, 1913: G. W'eiss. The oil is heated to 
200” C. under atmospheric pressure and subsequently treated 
with steam ici ^e presence of basic substances, especially 
. oxides or hydroxides of alkali, alkaline earth, or other metals. 
U^S. Patent 1,?60,072, 1918: ‘Walter P. Shuck. 
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While experiments are being conducted by the writer 
along other lines, which may yield interesting results, it 
is suggested that fojr the immediate present at least the 
disagreeable odor of fish oil be offset by using with it 
other ingredients of a pronounced but more agreeable 
odor. For instance, when fish oil is mixed with from 5% 
to 10% of pine oil (the water white or straw yellow final 
distillate in turpentine production),, a product having a 
rather pleasant turpentine odor results. 

There are given below some results showing the 
changes that took place in menhaden oil upon standing in 
the writer's laboratory for a number of years : 

TABLE 16 







Ref rue- 



Iodine 

Sai>on 

\c‘id 

live 


Gravity 

No. 

No. 

No. 

Index. 

March, 1911 .... 

.932 

158, 

lar. 

3.9 


November, 1914 

.934 

. 156.3 

193.7 

16.1 

1.4850 

September, 1916 

.938 


191.4 

19.2 

1.4768 

February, 1919 ... 

.940 

15^9 

191.5 

21.3 

1.4838 
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RAW MENHADEN OIL 




(Untreated and Sterilized) 





1 



Refrac- 


Spfcciflc 

i Iodine 

Sapon 

Acid 

live 


Gravity 

I No. 

No. 

No. 

Index. 

Original Oil (not | 


1 



1 

sterilized) ex- 


1 




amined 1911... 1 

.932 

i 158. 

187. 

3.9 


Original Oil (not 


1 




sterilized) ex- 1 


j 




a m i n e d No- i 


1 




vember, 1914 

.934 

156.3 

193.7 

16.1 

i 1.4850 

Original Oil (not 1 




1 

I 

1 

^erilized) ex- 


1 




amined Febru- , 






ary, 1919 

,940 

156.9 

191.5 

21.3 1 

1.4802 

Original Oil 


' 




(sterilized No- 


1 


1 


vember, 1914*) 






examined Febn 


j 




ruary, 1919 

.938 

156.2 

190.1 < 


1.4802 


♦Sterilized by heating to 105® C. 
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It will be noted from the above charts that fish oil may 
undergo rather rapid changes on storage, due to the de- 
composition of the glycerides and formation of substan- 
tial percentages of free fatty acid. This would indicate 
the advisability of careful storage of the oil. In the lat- 
ter chart the results obtained by sterilizing the oil are of 
interest, since very slight changes in the constants of 
such oil take place. 

The wearing value of menhaden oil in white lead and 
zinc paints is shown by the results of some exposure tests 
started in 1911. These included repainting tests covering 
a period of nearly three years. The color, chalking, and 
checking of the paints is recorded below. It will be noted 
that with raw menhaden oil the darkening is considerable, 
but that where this oil is used in admixture with sub- 
stantial percentages of linseed oil very much cleaner 
paints result. * 


TABLE 18 


Panel. ! 

Formula. 

Year. 

Color. 

Chaikin g^. 

Checking. 

3 

100% Men- 
haden Oil 

1912 

191.3 

1914 

R-1916 

K-1917 

Ver.v dark 
Very dark 
Very dark 
Very dark 
Very dark 

Ver.v slight 

Considerable 

Medium 

Medium 

Slight 

None 

Very slight 
Slight 

Slight 

Slight 

11 

50% Raw 
liinHeed Oil 
■)0% Men- 
haden Oil 

1912 

191.3 

1914 

R-1916 

R-1917 

White 

Fairly white 
White 

White 

Fairly white 

Medium 

Medium 

Medium 

Medium 

Slight 

None 

Considerable 
Considerable 
Deep 4n 
olacsn 

Considerable 

Heavy 

19 

7B% Raw 
Linseed Oil 
26% Men- 
haden Oil 

1912 

1913 

1914 
R-1916 
R-1917 

Darkened 
Fairly white 
White 

White 

Fairly white 

Medium 

Medium 

Medium 

Medium 

Slight 

Slight 

Slight 

Medium 

Medium 

Medium 


Shark, Dog Fish, and Other Marine Oils , — The writer 
has been informed by the U. S. Bureau of Fisheries that 
there has beei\ established a by-products plant on the 
Pribilof Islands, where an output of twenty-five to forty 
. thousand gallons of fur seal Qil may be produced annually. 
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Information has also come to the effect that fisheries in 
the State of Washington now handle considerable quan- 
tities of dog fish for conversion into oil and fertilizer, 
and that plants now located at Morehead City, N. C., and 
Fort Myers, Fla., work up large catches of sharks for the 
liver oil content. It is possible that these same plants 
will be able to handle skate liver oil and other types of 
fish oil, and that the West Coast plants may be able to 
produce considerable tuna fish oil and salmon oil. Sam- 
ples of all the above types of oil are being obtained and 
will be used in an investigation of their drying properties 
and suitability for use in paints. 

With the apparent shortage of animal skins, attempts 
have recently been made in the leather industry to use 
aquatic skins. It is probable that these skins, when prop- 
erly tanned, will find a wide application. This industry 
would receive considerable encouragement should it be 
found that the liver oils or other oils obtained from the 
fish from which skins are stripped, could be worked up 
into suitable drying oils. 

In a memorandum on shark and dog fish oils, compiled 
by Dr. G. F. White, special investigator for the Bureau 
of Fisheries, considerable data on the yield, composition 
and uses of liver oils are given. In this paper the chem- 
ical constants are given for cod liver oil, dog fish liver oil, 
sand shark liver oil, and hammerhead shark liver oil, 
showing saponification numbers ranging from 171 to 188, 
acid numbers from 1.52 to 4.84, and iodine numbers rang- 
ing from 155.5 to 213.6. The latter iodine number, which 
is very high, was obtained on a sample of sand shark 
li\ er oil. Although most oils of the above type are rather 
dark in color and of disagreeable odor, it is possible 
that treatment may remove these objectionable charac- 
teristics. 

. One of the present writer's associates, who has had 
considerable experience with liver oils, claims that the 
odor of such oils is due to the presence of silch amines as 
butylamine, hexylamine, dehyrolutidine, and morrhurine, 
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which are present as a result of careless handling of the 
livers, .permitting putrefaction. He states that his inves- 
tigations made several years ago showed that the oil 
from fresh livers is free from nitrogen, of fairly light 
color and unobjectionable odor. 

Blubber Oils: A preliminary investigation has been 
made of certain fish oils obtained from the Commissioner 
of Fisheries, Department of Commerce, with a view to 
determining their value in the paint and varnish indus- 
try. These oils have heretofore found application in 
other industries and may be used in the manufacture of 
soap, leather dressings, core oils, and for hydrogenation. 
It is probable that they will become available in greater 
quantities and be of use in the manufacture of certain 
types of coatings. So far, however, they have not, when 
used alone, proved satisfactory as drying oils, and it is 
probable that thejj will find application only in admixture 
with real drying oils. The results of analysis of the 
samples are given herewith: 


TABLE 19 



Grt^flsh 

Shark 
Ltiver Oil 

Fur 

Seal Oil 

Skate 
Liver Oil 

Refractive Index 

1.4703 

1.4708 

1.4772 

1.4712 

Specific Gravity 

.9157 

.9222 

.9254 

.9318 

Acid Value 

2.0 

1.3 

9.0 

1.8 

Saponification Value 

180.1 

62.2 

182.4 

179.9 

Iodine Value 
(Hanus) 

136,7 1 

136.9 

i 132.4 

151.6 


Iodine value of hydrocarbon extracted from Shark Liver Oil = 
141.5. 

Data resulting from drying tests are presented below. 
In these teats information is given regarding the drying 
value of the raw oils, with and without the addition of 
drier, as well as the drying value of the oils after blow- 
ing and heating for a period of two hours at a high tem- 
perature. The oils resulting from the heat treatment 
were not thick and viscous like linseed oil that has been 
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given similar treatment. This would indicate that the 
above named fish oils would not be satisfactory for the 
manufacture of varnishes. 

TABLE 20 

DRYING TESTS ON FISH OILS. 

Tests started on September 10, 1919. 


All oils without drier re- 
quired three days to become 
tacky. At the end of 21 
days they were still soft 
and “greasy” to the touch. 

All oils with 10% drier 
became tacky in two days. 
At the end of 21 days they 
were still soft, but present- 
ed somewhat better films 
than Ijiose without drier. 


TABLE 21 

DRYING TESTS ON BLOWN OIL 

Oil heated to 220‘^^ C. and air bubbled through for 2 hours. 
Temperature maintained at 200-240“ C. 


i I 

1 Crayfish Oil 

2 Crayfish Oil with 10%> drier 

3 SeaTOil 

4 Fur Seal Oil with 10% drier 

5 Skate Liver Oil 

6 SkateJLiver Oil with 10% drier 

7 Shark Liver Oil 

8 Shark Liver Oil with 10% drier 


9 Blown Crayfish Oil 

10 Blown Crayfish Oil wi th 10% drier 

11 Blown Fur Seal Oil 

12 Blown_Fu^^al Oil wi th 10% drie r 

13 Blown Skate Liver Oil 

14 Blown Skate L iver Oil with 10% drier 

15 Blown Shark Liver Oil 

16 Blown Shark Liver Oil with 10% drier 


I All oils without 
} drier required nearly 
I three days to become 
I tacky. At the end of 
21 days they were 
; still soft. 

All oils with 10% 

; drier became tacky in 
I less than 2 days and 
' had set at end of 21 
' days to films that 
I were rather soft. 
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TABLE 22 

DRYING TESTS ON FISH OIL MIXTURES 

Mixture No. 1. 46% Fish Oil, 45% Linseed Oil, 10% Drier. 
Mixture No. 2. 60% Fish Oil, 60% Tung Oil Spar Varnish WD 6. 


Crayfish Oil Mixture No. 1 
Fur Seal Oil “ “ 1 

Skate Liver Oil “ “ 1 

Shark Liver Oil “ “ 1 


Almost dry in 1 day, but present a 
somewhat tacky film. After 4 days 
the films were still slightly tacky. 
The maximum set apparently occurs 
during the first day of drying 
period. 


Crayfish Oil Mixture No. 2 
Fur Seal Oil “ “ 2 

Skate Liver Oil “ 2 

Shark Liver Oil “ “ 2 

0 


Almost dry in 1 day, but films arc 
slightly “greasy” to touch. After 3 
days they were slightly harder than 
films shown by Mixtures No. 1, 
above, in 4 days. The Crayfish Oil 
mixture is harder than the others, 
having shown much better drying 
values. 


From the results presented above, it would appear that 
the marine animal oils experimented with might be used 
in admixture with linseed oil and drier or with spar var- 
nish in certain types of paint where rapid ^drying is not 
essential. Roof paints, paints for rough lumber, and cer- 
tain metal coatings might be considered in the above 
class. It is believed that the films presented by the above 
mixtures are, when dry, quite elastic and water repellant. 
They are, however, apparently subject to softening action 
during moist weather, and in this condition tend to pick 
up dust. 

The drying results given above would indicate that the 
iodine number of a marine animal oil does not constitute 
a reliable index of the drying value of the oil. The fish 
oils examined showed, for instance, iodine numbers of 
from 132 to 151, but possessed only slight drying proper- 
ties, whereas vegetable oils showing iodine numbers as 
How as 120-130 (cottonseed oil, soya bean oil, etc.) are 
-capable of being dried in a relatively short period of 
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time. While most blubber oils consist largely of glycer- 
ides, some of the acids forming these compounds may be 
of a rather saturated type. Volatile acids may also be 
present as constituents of the glycerides. The latter 
products may have a retarding effect upon the oxygen 
absorption of the drying glycerides. Such oils also may 
contain stearin or spermaceti. The shark liver oil ex- 
amined precipitated a considerable amount of a white,, 
flocculent mass resembling spermaceti. 

The presence of highly unsaturated hydrocarbons in 
marine animal oils apparently does not add to their drying 
%alue. Such a hydrocarbon was found present in sub- 
stantial quantity in the sample of shark liver oil exam- 
ined, which was produced from sharks caught off the 
North Carolina coast. The presence of this hydrocarbon 
was indicated by the low saponification value and large 
amount of unsaponifiable matter preseftt. The hydro- 
carbon was isolated from a sample. It was of a pale 
yellow color, limpid, and without pronounced odor. It 
had poor drying properties, but showed an iodine number 
of 141.5. This low iodine number should be compared 
with that of the hydrocarbon extracted from Japanese 
shark liver oil (388) by Mitsumaru Tsujimoto. In his 
paper entitled Highly Unsaturated Hydrocarbon in 
Shark Liver Oil”* the following statements are made: 


*‘The results of the present investigation have confirmed 
that two Japanese shark liver oils, Aizame and Heratsuno- 
zame oils, contain very high proportions of unsaponifiable 
matter which mainly consist of a new highly unsaturated 
hydrocarbon of the formula CwHm. It will be rather pre- 
mature to make any further statement, but certainly a re- 
markal^ quantity of a hydrocarbon, which in reality is the 
esse^al Constituent of the oil itself, occurs in oils of such 
vitaf organs as the liver of the fish. It may be added here 
from the author’s latest experiments that the hydrocarbon 
also occurs in the liver oils of so-called *black sharks/ 
basking sharks and another shark (probably Triakia acyl- 
lium — Japanese, ‘Korozame). Sharks belonging to Squal- 

* J. Jnd, & Engrg. Chem., October, 1916, p. 889. 
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ide appear to contain the hydrocarbon more frequently. 
But, the data obtained hitherto are yet too scanty to allow 
a generalization as to the genus and species of sharks. 

**To solve the question, why such a hydrocarbon is pres- 
ent in the liver of some fish, is probably very difficult, and 
presents an important problem for physiological chemistry. 
It is interesting to note that the bromine content of the 
bromine additive compound of the hydrocarbon is nearly 
identical with those of the polybromides of the highly un- 
saturated fatty acids in marine animal oils, viz., about 70 
per cent. 

“In the case of the present shark liver oils, the place of 
the highly unsaturated fatty acids is taken, as it were, by 
the hydrocarbon of a nearly equally high unsaturation. 
The liver is a storage organ for fat and consequently a 
source of energy of the fish. If a speculation may be al- 
lowed, the hydrocarbon, which evolves far more heat of 
oxidation than the glycerides, must have been formed in 
the liver of the fish from the necessity of local conditions. 
Little as Uie habit of sharks is known, it is pretty certain 
that they are comparatively deep-sea dwellers.’’ 

In describing the properties of the hydrocarbon which 
he has found to have the formula CaoHr,o, with a molecu- 
lar weight of 408, the following information is given : 

“The hydrocarbon is a colorless, oily liquid which re- 
fracts light somewhat strongly. In the pure state, it is 
nearly odorless; but the distilled sample possesses a faint 
odor, apparently of decomposition products, which can be 
removed by washing with alkali. On keeping^ it evolves 
an odor which recalls some terpenes. Its tante is pecu- 
liar, but not so unpleasant. It is readily soluble in ether, 
petroleum ether, carbon tetrachloride and acetone; in cold 
alcohol and glacial acetic acid, it is sparingly soluble. 
When heated over a flame, the hydrocarbon bums with a 
smoky, luminous flame, emitting a resinous smell. 

“BOILING POINT — Under ordinary pressure, the hy- 
drocarbon cannot be distilled without decomposition. Boil- 
ing point (10 mm. pressure), 262-264® C; (6 mm. pres- 
sure) 262-264® C. 

“SOLIDIFYING POINT— Kept at -20® C. for one 
hour* it remained clear; at -76® C., it solidified to a white 
wax-like mass. 
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“SPECIFIC GRAVITY— At 16V4'’ C., 0.8687. 

“IODINE VALUE^-388.12 (Wijs)» 389.70 (Hiibl). 

“Theory requires for CmHboL*, iodine value = 371.10. 

“REFRACTIVE INDEX— (20^ C.) 1.4966. 

“OPTICAL ROTATION— Inactive. 

“HEAT OF COMBUSTION— (Hempel’s calorimeter), 
10,773 cal. per g. 

“COLOR REACTION — By Liebermann's test (solution 
in acetic anhydride and addition of a drop of concentrated 
sulfuric acid), the fresh hydrocarbon gave only a faint 
pink coloration in the lower (acetic anhydride) layer. 

“DRYING PROPERTY — ^The hydrocarbon dries like the 
vegetable drying oils. The pure hydrocarbon requires a 
long time to dry at the ordinary temperatures. That 
which had been treated with 1 per cent of cobalt resinate, 
dried in about 10 days (in winter) to a colorless, smooth 
film which possessed a firmness superior to those of the 
fatty oils. At 100“ C., a thin layer of the hydrocarbon 
dried in about 2 hours.” 

In conclusion, it is suggested that the four oils reported 
on above deserve further investigation when applied in 
admixture with strong drying oils (linseed, tung, etc.) 
in the manufacture of special paints such as barn paints, 
oxide metal paints, and roofing paints. Distillation in 
vacuo of the shark liver oil might be carried out com- 
mercially if the hydrocarbon is found useful in paint 
making. 
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CHAPTER IV 

Miscellaneous Fish Oils 

Tuna Fish Oil : A sample of tuna fish oil forwarded 
from the U. S. Commissioner of Fisheries,, H. M. Smith, 
was recently received at the writer’s laboratory. It is 
understood that this type of oil is available on the Pacific 
Coast and that a substantial quantity might be produced 
for use in the paint industry. Examination of the sam- 
ple has given the following results : 

Color Pale 

Odor Not Objectionable 

Taste Very bland for a fish oil 

TABLE 23 

CONSTANTS OF TUNA FISH OIL 

Iodine Valu^ (Hanus) .... . .. 184.0 

Saponification Value 190.0 

Acid Value »... ... 0.37 

Westphal Balance.. .9327^ 

Specific Gravity ...../Hydrometer 9329 > 9327 

(Pyrometer ... . .9326/ 


TABLE 24 

DRYING TIME ON GLASS IN HOURS 
Tuna and Linseed Oil. 


Oil. 

Tacky 

! 

Dry 

Character of Film. 

Tuna Oil 

20 

68 

Firm wtd dear. 

Raw Linseed Oil 

72 

96 

Firm and clear. 

Tuna Oil with 10% 
Drier* 


10 

Very firm, clear and lus- 
trous. 

Raw Linseed Oil with 
10% Drier 


12 

Firm and clear. 

Tuna Oil — 60% 

Raw Linseed Oil — 60% 

60 

66 

Very firm, clear and lus- 
trous. 

Tuna Oil— 46% 

Raw Linseed Oil— 45% 

Drier— 10% 


11 

Firm, clear and lus- 
trous. 


• Drier used was Liquid Lead--nMans:aneBe Linoleate in Turpentine. 
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Information originally obtained from the Bureau of 
Fisheries of the Department of Commerce indicates that 
approximately 100,000 gallons of tuna oil are annually 
produced on the west coast. Information obtained from 
the Pacific-American Fisheries indicates that it is usual 
for the west coast fisheries to market tuna oil in the 
emulsion form in which it is produced during the process 
of manufacture. Apparently attempts to break the 
emulsion are not usually made. Such emulsions are dif- 
ficult to use. It is understood that this oil is produced by 
the South Coast Canning Co. at Long Beach, Cal., and by 
F. Van Camp, of San Pedro, Cal. 

Yellow Tail Fish Oil: The results of a preliminary 
investigation of yellow-tail fish oil are given below. The 
sample of oil used in the tests was forwarded by the U. S. 
Commissioner of Fisheries. It was received from the 
West Coast Laboratory of the Bureau Of Fisheries in No- 
vember, 1919. It is understood that the species from 
which the oil was obtained (Seriola dorsalis) is abundant 
on the Southern and Lower California coast. According 
to “California Fish and Game/* the catch in 1918 
amounted to 12,000,000 pounds. 

The oil contains a large quantity of “stearine** which 
gives it a very opaque appearance. Upon filtration, a 
very clear, pale oil is obtained. 

Color Light 

Odor . Not strong 

Taste Not pleasant 


TABLE 25 

CONSTANTS OF YELLOW TAIL OIL 

Iodine Value (Hanus) - 177.* 

Saponification Value 190. 

Acid Value 0.6 

Specific Gravity 9322 

•Iodine value of Altered oil 180. 
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TABLE 26 

DRYING TIME ON GLASS 
Yellow Tail and Linseed Oil. 


OIL 

Tacky 

(hours) 

Dry 

(hours) 

Character of Film 

Yellow Tail Oil 

76 

106 

Fairly firm 

Raw Linseed Oil 

70 

95 

Firm and clear 

Yellow Tail Oil 
with 10% Drier* 


16 

Fairly firm 

1 j 

Raw Linseed Oil | 

with 10% Drier* ! 

12 

Firm and clear 

! 1 

Yellow Tail Oil. . .60% | 72 

Raw Linseed Oil 60% | 

100 

1 Firm and clear 

! 

1 

Yellow Tail Oil 46% 1 

Raw Linseed Oil 46% | | 

Drier , 10% [ 

i 

1 

14 1 Firm and clear 

1 


*Lead and manganese linoleate liquid drier. 


There is given below a list of fisheries operating on the 
West Coast. This was furnished by the Bureau of Fish- 
eries. It is believed that various types of West Coast 
fish oils are obtainable from many of these fisheries. 


FISH OIL AND FERTILIZER COMPANIES OPERATING IN 1918 

ALASKA 


NAME 

Location. 

Product. 

Alaska Fish Salting: and 
By-Productp Co 

Ejllsinoo .. - 

Fish meal, fish oil. 

Fish Canners' By-Products, 
Ltd - *ft. - 

Ward’s Cove J 

Fertilizer, fish oil. 

Shark liver oil. 

Royden, W. H , 

Petersburg - — 
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PUGET SOUND 


Japanese- American Fert. Co. Lummi Island Fertilizer, fish oil. 

Marani Products Co Anacortes Fish meal, fertilizer, 

glue, fish oil. 

Pacific American Fisheries Eliza Island Fish meal, fish oil. 

Pacific Products Co..,,. Port Townsend and 

Friday Harbor Fertilizer, fish oil. 

Robinson Fisheries Co Anacortes Fish meal, fish oil. 

Sea Products Co - Everett Fish meal, fish oil. 

Wannenwetsch Reducing Co, Blaine Fish meal, fish oil. 

COLUMBIA RIVER 

De Force Oil Works Astoria Fertilizer, fish oil. 

Northwest Fish Products Co. Astoria Fish meal, fish oil. 



CALIFORNIA 

American Tuna Packing Co Fish meal, fish oil. 

Booth, F. E., Co - Monterey . Fish meal, fertilizer. 

Globe Cotton-Seed Oil Works East San Pedro Fish meal, fertilizer, fish 

oil. 

Halfhill Tuna Packing Co Long Beach Fish meal, fertilizer. 

Hovden, K. Co Monterey Fish meal, fertilizer, fish 

oil. 

Imperial Glue Co - San Francisco Fish meal, fish oil, ferti- 

lizer and glue. 

International Pkg. Corp - San Pedro, San Diego Fish meal, fish oil. 

Monterey Canning Co Monterey Fish meal, fish oil. 

Monterey Fish Meal & Oil 

Co Monterey Fish meal, fish oil. 

Los Angeles Tuna Canning 

Co Long Beach Fish meal, fertilizer, fish 

oil. 

Nielson & Kittle San Pedro Fish meal, fish oil. 

San Pedro Packing Co East San Pedro... Fish meal, fish oil. 

Scha^^r, M. N. Co San Rafael, Monterey Fish meal, fish oil. 

South Coast Canning Co Long Beach Fish meal, fish oil. 

Southern California Fish Co, East San Pedro Fish meal, fish oil. 

S^them Reduction Co San Diego Fish meal, fish oil. 

Spano Packing Co San Pedro - Fish meal, fish oil. 

Van Camp Sea Food Co - San Pedro — Fish meal, fish oil. 

West Coast Canning Co Long Beach Fish meal, fertilizer, oil. 

White Star Tuna Packing * 

Co San Pedro — Fish meal, fish oil. 
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BRITISH COLUMBIA 


Evans, Coleman & Evans 

Ladner - 

Fish oil, fertilizer. 

Pish Oil and Products, Ltd 

Prince Rupert 

Fish me£.l, fish oil. 


Channel Cat Fish Oil — A sample of channel cat fish 
oil extracted by the Welaka Fish Company of Welaka, 
Fla., was recently obtained by the writer from the Acting 
Commissioner of the Bureau of Fisheries at Washington. 
The results of an examination of this oil are presented 
herewith : 

Color: Very pale yellow. 

Odor: Not objectionable. 

Appearance: Turbid. Contains considerable “stearine.” 

Specific gravity - 9234 

Acid number 10.9 

Saponification number . 192. 

Iodine number 123. 

Refractive InSex at 25''c 1.4741 

Drying test: The oil alone or with 10% drier pio- 
duces a film that remains wet after 
three days. 

It is apparent from the drying tests that this oil is not 
suitable in its raw condition to use in the manufacture of 
paints or varnishes. Heat treatment renders it much 
more suitable for this purpose. 

Salmon Fish Oil — A sample of No. 1 Salmon Oil, ob- 
tained by the writer from the Pacific-American Fisheries 
at South Bellingham, Wash., has recently been esgamined, 
with the following results: 


Color: Similar to boiled linseed oil. 

Odor: Characteristic fish odor. 

Appearance: Clear, 

Moisture — 0.2% 

Specific gravity 9268 

Acid value 9.8 

Saponification number - 183. 

Iodine number 169. 

Refractive index at 26®c 1.4788 


Drying value: Raw oil tacky after three days. With 
10% drier# it sets to a fairly firm 
film ip' three days. 
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It is apparent that this oil is from the King Salmon 
which generally runs about 158 in iodine value. The oil 
from Humpback Salmon generally shows an iodine value 
of 128. 

Mr. F. W. Nestelle, chemist of the Pacific-American 
Fisheries, states that the constants of an oil from the 
Silver Salmon is represented by the following data : 


Specific gravity 
Refractive index 
Solidification temperature 
Free fatty acids (oleic) 
Iodine number 
Saponification number 
Reichert Meissel No. 
Acetyl value 
Soluble acids 
Insoluble acids 
Unsaponifiable residue 
Titer test 
Maumene No. .. 
Hexabromide tests 


.9183 

1.4753 

. -3 to -ir C 
O.e27o 
.. . 150.6 

193 3 

00.00 

17.83 

00.0046 
92M7c 
.. t.. 1.69% 

29.20° C. 

... . 83.40° C. 

. 45.03 


Mr. Nestelle states that he has conducted a series of ex- 
periments on the west coast with various types of salmon 
oil. He finds that with suitable drier a paint made with 
salmon oil will dry in 18 hours to a good surface. Paint 
of this character has apparently been used by him on the 
hulls of scows and boats in Alaskan waters as well as on 
Puget Sound. The results of his tests on the durability 
of these paints will be available during the latter months 
of this year. 

The writer has found that salmon oil will body readily 
under heat treatment or with blowing. The products 
thus obtained, dry better than the raw oil. 
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Changes In Oils Upon Storage 

In various papers* the writer has called attention to the 
storage changes that may take place in oils when ground 
with pigments. For instance, when paints made with 
pure raw linseed oil having a certain iodine number sliv 
stored for long periods of time, subsequent analysis may 
show that the oil has a lower iodine number than that 
called for by the specifications upon which the paints were 
made. Reactions that are responsible for such changes 
are of course greatly stimulated at high temperatures. 
As a result of some investigations that have just been 
completed, it would appear that similar but less marked 
changes may take place in pure oils without the presence 
of pigments, and that such changes will depend to a very 
great extent upon the method of storing and certain other 
factors. 

During the early part of 1911 the writer secured a 
quantity of a number of commercial oils for use in ex- 
perimental paints that were to be exposed to the weather 
to determine the efficiency of various oil mixtures as paint 
ingredients. After the painting tests were made, sam- 
ples of the pure oils were placed in pint glass bottles hav- 
ing ground glass stoppers. The bottles were well filled ; 
an air space above the oil of not more than one ihch being 
allowed in any instance. The oils were plficed upon a 
shelf in the laboratory where they were exposed to in- 
direct light and to ordinary room temperature (in .the 
summer not over 105" F. and in the winter not less 
than 36" F.). In November, 1914, portions of the 
oils were removed from the bottles and examined 
as a check against the original determinations. Air was 

•"The BfC^t of PlKmenta upon the Constants of Linseed Oil." J. 
Frank. Inst., Oct. 1912, pp. 415-423. "Chang-es Occurring in Oils and 
Paste Paints, Due to Autohydrolysis of the Glycerides." Ibid. May, 
* . 1914, pp. 533-540. "A Study of Some Curious Painting Phenomena." 
Ibid. June, 1916, pp. 6S1-695. ' 
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of course admitted during this procedure. During Sep- 
tember, 1916, the oils were again examined ; further quan- 
tities being removed for this purpose. The bottles were 
again placed upon the shelf and allowed to remain there 
until March, 1919, when further quantities were removed 
for examination. The results obtained on these samples 
are given in Table 27. In Table 28 are shown the results 
on a series of oils obtained during 1914 and kept under 
similar conditions as those shown in Table 27. In 
Tables 29, 30 and 31 are given the results on special oils, 
the history of which is given in each table. 

Previous to the examination of the oils in March, 1919, 
a record was made of the approximate contents of each 
bottle so that some information might be on record as to 
the amount of air space above the oil and the appearance 
of the oil. This record is given below: 

Appearance of Oils in Containers in March, 1919, Previous 
to Analysis 


Oil 

No. 

1—1/4 

full. 

Very slig-ht sediment. 

it 

ti 

2—3/4 

tt 

Very clear. 

a 

it 

3—3/4 

it 

White sediment at bottom. Globular-like 
oxidation at surface. 

ti 

tt 

4—2/3 

it 

Completely solidified to white mass, crys- 
talline at surface. 



5—1/3 

tt 

Very clear. 

u 


6—1/4 

** 

Highly viscous. Clear. 

ti 

tt 

7—2/3 

ti 

Clear. Slight film at surface. 

tt 

ti 

8—3/4 


Highly viscous. 


„tt 

9—3/4 

it 

White sediment at bottom. Globular-like 
oxidation at surface. 

« 

ti 

10—1/2 

tt 

Clear. 

tt 

* tt 

11—1/2 

it 

Slight white sediment at bottom. Clear. 

tt 

tt 

12—1/4 

tt 

Heavy white sediment at bottom. Clear. 

tt 

it 

13—2/3 

ti 

Dark sediment. 

* « 

tt 

14—2/3 

it 

Clear. Film at surface. 

tt 

tt 

15—2/3 

tt 

Very clear. 

ti ' 

• it 

16—1/3 

it 

Very clear. 

tt 

tt 

17—1/3 

ti 

Very clear. 

tt 

tt 

18—1/4 

it 

Dark sediment at bottom. 
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Oil No. 19—1/6 full. 
“ 20—8/4 “ 

« « 21—1/3 “ 

‘‘ “ 22—3/4 “ 


Oil No. 23—2/3 full. 


« « 24—1/4 “ 

« “ 25—1/2 “ 

“ “ 26—3/4 

' « 27—2/3 “ 


Dark sediment at bottom. 

Lower third of oil completely solidified to 
white mass. Upper part clear. 

Completely solidified to white mass. 

Clear also in this can, which was 9/10 fulL 
but showed fungus streaks in oil. 

Completely solidified to milk-white mass. 

Very clear. 

Very clear. 

Clear. 

Lower third of oil black mass with whiit: 
specks throughout and a blanket of 
milk-white granules at top. 


The precipitated foots and curious form of oxidation 
products at the surface of the fish oils was of a distinc- 
tive nature. The solidification of the tung oils to a white 
granular mass is characteristic of these oils when exposed 
to light for long periods. This condition makes neces- 
sary the determination of refractive index at 60° C. The 
matter settled out from the corn and cottonseed oils was 
very flocculent and white. 

It will be noted from a study of the charts that the 
ageing of nearly every oil causes a drop in the iodine 
number, which is accompanied by a rise in the specific 
gravity, saponification number and acid number. Two 
special exceptions to the rise in saponification number are 
shown by oils Nos. 8 and 13. It is probable that the 
highly over-oxidized condition of oil No. 8 may be held 
responsible for the results shown. In the case Df oil No. 
13 the low result may be due to the condition of the oil, a 
considerable amount of material having precipitated out. 
This precipitate was of a highly acid character and conse- 
quently may have been the means of lowering the acid 
value of the clear oil. 

Special attention is directed to the rapid increase in 
acid number shown by oils Nos. 3, 9 and 19 (fish oils) . . It 
would appear that marine animal oils are very susceptible 
to change's- which develop considerable percentages of 
free fatty acid. The subsequent drop in the acid num^ 
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her of No. 19 may have been caused by the precipitation 
of matter during 1917. 

On oils Nos. 1, 3 and 5 the September, 1916, iodine 
numbers have been omitted, since they had been recorded 
as being lower than is shown in the 1919 examination. 
This result not being in accord with the progressive de- 
crease in iodine number would lead to the conclusion that 
some error was made in these determinations rather than 
to the assumption that the iodine number of an oil may 
drop and then increase. 

Special attention should be focused on the rather mod- 
erate changes in constants shown by corn oil, cottonseed 

011, lumbang oil, sunflower oil, and hempseed oil (Nos. 11, 

12, 15, 16, and 17 respectively). These oils were all re- 
ceived in excellent condition and were perfectly clear and 
apparently free from moisturje. These factors may have 
had much to do with their keeping properties. 

Most interesting results were obtained with oils Nos. 
20 and 21 (American grown tung oils), Table 29. 
These oils have shown but very moderate changes in acid 
value, although both developed rather high saponification 
numbers, and oil No. 21 showed a substantial decrease in 
iodine number. A comparison of the value of glass and 
tin for storage purposes is shown in the case of oil No. 
22. It seems rather curious that the oil stored in 
tins should have shown more change than that stored 
in glass. This may possibly be due to the action of the 
fungus growth that was in 1919 observed to be present 
in the tinned sample. Similar action on the same oil in 
the glass bottled sample may have been inhibited by the 
aAion of light. 

In Table 30 some data is given on the effect of sterili- 
zation of linseed and menhaden oils by heat treatment. 
The rapid rise in acid value shown by the unsterilized 
sample of menhaden oil, and the very moderate rise in 
acid value shown by the sterilized oil would,indicate that 
properly treated oils may be made more or less immune 
from changes of an undesirable nature. In the writer's 
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opinion the changes that take place in oil upon standing 
are due very largely to autohydrolysis caused by the 
presence of either moisture or in some instances to fat 
splitting enzymes. Whenever oil is heated to a tempera- 
ture of 105 ° C. for a sufficient period of time to remove 
the moisture, and then filtered, a moisture-free, clear and 
.sterile oil will result. Such oil will apparently keep for a 
long period of time without showing any marked changes. 

There was unfortunately no anal 3 rtical data originally 
obtained on the samples of oils shown in Table 31, but at 
the end of nearly three years’ storage the constants would 
indicate that but slight changes have taken place in the 
oils, with the exception of tung oil 29. This sample was 
from an unknown source and may have been adulterated. 

TABLE 27. 

• 1911-1919 Oil Tests 


Analyses were made ’v^rhen oils were first obtained and 
again at three later periods, as shown below: 



Sp. Gr. at 

Iodine 

Sapon. 

Acid 

Refrac. In- 

1. Linseed Oil — 

60® F. 

No. 

No. 

No. 

dex. eo® P. 

March, 1911 

931 

186. 

188. 

2.0 


November, 1914 

- .933 

185.4 

189.6 

2.8 

1.4867 

September, 1916 ... 

936 


190.2 

3.3 

1.4798 

February, 1919 

943 

182.1 

192.3 

4.8 

1.4870 

2. Soya Bean Oil — 

March, 19H 

924 

129. 

189. 

2.3 

.. 

November, 1914 ..... 

926 

130.2 

193.1 

4.T 

1.4813 

September, 1916 .... 

...... .937 

122.0 

192.1 

7.0 

1.4733 

February, 1919 

8. Menhaden Oil — 

..... .939 

121.7 

198.4 

TS 

1,4721 

March, 1911 

932 

158. 

187. 

3.9 


November, 1914 .... 

934 

166.3 

193.7 

16.1 

1.4850 

September}^ 1916 .... 

...... .938 

......... 

191.4 

192 

1.4768 

BldWeaury. 1919 

940 

156.9 

191.5 

21.3 

1.4838 

4. Tung Oil — 

March, 1911 

.... .944 

166. 

183. 

3.8 

* 

November,. 1914 

946 

161.6 

190.8 

5.7 

1.5050 

September, 1916 .... 

..... .944 

158.6 

188.7 

5.6 

1.5138 

February, 1919 

948 , 

241.1 

191.8 

6.0 

1.5024 
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6. Perilla Oil — 

Sp. Or. at 
60® F. 

Iodine 

No. 

Sapon. 

No. 

Acid 

No. 

Refrao; In- 
dex, F. 

March, 1911 

94 

180. 

188. 

2. 



November, 1914 . 

M 

172. 

195.4 

7.4 

1.4874 

September, 1916 . 

939 



193.3 

14.8 

1.4767 

February, 1919 941 

6. Perilla Oil (Special)* — 

168.9 

192.1 

10.5 

1.4817 

March, 1911 .......... 

94 

192. 

189. 

3.2 



November, 1914 

.981 

123.8 

219.4 

20.8 

1.4978 

September, 1916 . 

1.000 

122.4 

220.9 

31.2 

1.4840 


February, 1919 

7. Heavy-bodied Linseed Oil — 


March,' 1911 

968 

133. 

189. 

2.8 


November, 1914 .. 

992 

130.5 

200. 

6.3 

1.4966 

September, 1916 .. 


124.4 

206.3 

9.0 

1.4876 

February, 1919 .. 


133.5 

192.2 

11.1 

1.4892 

8. Lithographic Linseed Oil — 





March, 1911 

97 

102. 

199. 

2.7 



November, 1914 .. 

96 

103.4 

150.9 

13.4 

1.4978 

September, 1916 .. 

974 

108.5 

13€.7 

15.2 

1.4890 

February, 1919 .. 


100.2 

131.5 

18.3 

1.499 

9. Whale Oil— 






March, 1911 

924 

148. 

191. 

9.2 


November, 1914 

926 

138.2 

191.2 

17.4 

1.4820 

September, 1916 .. 






February, 1919 .. 

929 

136.9 

193.3 

20.2 

1.4793 

10. Boiled Linseed 

Oil— 





March, 1911 

941 

172. 

187. 

2.7 



November, 1914 .. 

943 

170. 

188. 

3.1 

1.4895 

September, 1916 .. 






February, 1919 .. 

948 

172.7 

193.7 

10.9 

1.4890 


•This is a special f^rade of bleached oil that has become highly viscous 
—possibly through oxidation — as result of exposing to air for a long period. 
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TABLE 28. 
1914-1919 Oil Tests 


Analyses were made when oils were first obtained and 
again at two later periods as shown below: 



Sp. Gr. at 
60° P. 

Iodine 

No. 

Sapon. 

No. 

Acid 

No. 

Refrac. In- 
dei. 60° F. 

11. Com Oil — 

November, 1914 

... .921 

124.8 

190.1 

4.1 

1.4800 

September, 1916 

... .924 

121.3 

191.1 

4.6 

1.4707 

February, 1919 

... .926 

127.2 

191.4 

5.3 

1.4742 

12. Cottonseed Oil — 

November, 1914 

... .920 

111.7 

194.3 

0.9 

1.4781 

September, 1916 

.. .924 

110.6 

192.9 

1.4 

1.4681 

February, 1919 926 

13. Rosin Oil (Low Grade 

109.4 

193.0 

0.82 

1.4718 

4th Run)** — 

November, 1914 

.. .964 

68.9 

35.5 

32.4 


September, 1916 

.. .964 

66.0 

36.6 

31.6 

' 

February, 1919 

14. Treated Tung Oil’ 

. .965 

f ** 

64.4 

22.6 

17.9 

1.5202 

November, 1914 

.. .882 

56.4 

101.3 

7.7 

1.4767 

September, 1916 

.. .884 

53.2 

103.2 

8.0 

1.466t> 

Febniarv. 1919 







16. Lumbang Oil — 

November, 1914 

.. .927 

162, 

189. 

1.0 

1.4789 

September, 1916 

.. .926 

164.0 

188.9 

1.9 

1.4748 

February, 1919 

.. .927 

161.2 

189.4 

2.4 

1.4749 

16. Sunflower Oil — 

November, 1914 

.. .924 

124.6 

189.3 

7.5 

1.4796 

September, 1916 

.. .923 

122.2 

190.2 

9.0 

1.4712 

February, 1919 

.. .922 

130.1 

194.2 

8.2 

1.474f 

17. Hempseed Oil — 

November, 1914 

,. .927 

149.4 

191.1 

3.9 

.4.4822 

September, 1916 

.930 

*146.1 

191.0 

6.0 

1.4748 

February, 1919 

18. Shark Oil — 

.930 

161.3 

191.8 

4.9. 

1.4777 

November, 1914 

. .910 

132.8 

168.9 

5.2 

1.4818 

September, 1916 

.. .916 

127.4 

163.3 

6.2 

1.4722 

February, 1919 

,. .918 

121.4 

168.9 

8.9 

1.4749 

19. Sardine Oil — 

November, 1914 

. .919 

134.6 

177.3 

10.4 

1.4800 

‘September, 1916 

. .962 

91.4 

180.2 

31.1 

1.4765 • 

February, 1919 .. 

— 

76.6. 

188.7 



1.4787 


**CoiUiid6rable matter of highly acid character settled out during 1917. 
***Heat treated with driers and thinned with mineral spirits; da used 
in the liquid portion of interior flat paints. 
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TABLE 29 


A. S. T. M. American Grow^n Tung Oils 


Specific 

Gravity 

20. Oil No. 3-A— 

Iodine 

No. 

Saponifica- 
tion Ko. 

Acid 

Number 

Refractive 

Index 

December, 1914 

167.4 

190.0 

.9 


March, 1919 

168.6 

193.6 

.6 

1.5042 

21. Oil No. 4-A— 


December, 1914 

168.5 

189.6 

.6 



March, 1919 

163.3 

194.8 

.5 

1.5037* 

A. S. T. 

M. I'ung Oils 



Specific 

Gravity 

22. Oil No. 1-B Com- 

Iodine 

No, 

Saponifica 
tion No. 

- Add 
Number 

Refractive 

index 

mercial — December, 

1913 9395 

168.7 

192.1 

3.8 

1.5195 

March, 1919 (in glass) .939 

169.4 

190.4 

2.1 

1.5177 

March, 1919 (in tin)** .945 
23. Oil No. 2-B Amer- 

160.6 

19^.9 

2.0 

1.5178 

ican Tallahasse — 
December, 1913 939 

169.5 

191. 

.9 

1.5210 

March, 1919 

166.9 

193. 

.6 ' 

1.5037* 


♦Hefauap of condition of oils. fiO® C., required for determination of Re- 
fractive Index. 

••Oil 111 can streaked with fungus growth. 

Oils Nos. 20 and 21 were cruslied by the Bureau of Chemistry from 
two lots of tunp: nut.s Rrown durini? 15114 in Leon County, Floi'ida. For 
data on character of nuts, percentajfo ot oil contained therein, evaluation 
of kernels, etc., .s<e report of Sub-Committee HI of Committee D-1 on 
Testing of Paint Vehicle.^, Proc. Araer. Soc. for Test. Mater,, 1916, p. 2ill. 

Oil No. 22 was a portion of a sample submitted to the Amer. Soc. for 
Test. Mater, by L. P. Nemssek as representing a large commercial ship- 
ment of imported oil that had pi'oved satisfactory In making paints 
and varnishes. 

Oil No. 23 was crushed by the Bureau of Chemistry from nuts grown 
in China and obtained through the Agricultural Explorer of the Bureau 
of Plant Industry. For data on character of nuts, percentage of oil con- 
tained therein, evaluation of kernels, etc., .see report of Sub-Committee 
HI of Committee D-1 on Testing of Paint Vehicles, Proc. Amer. Sot. Test 
Mater., 1914, p. 237. 


67 




ON FAINT AND VAItNXSH 


TABLE 30 
RAW LINSEED OIL 
(Untreated and Sterilized) 


Specific 

Iodine 

Saponiflca' 
tion No. 

■ Acid 

Refractive 

^ Gravity 

24. Original Oil (not 
sterilized)', examined 

No. 

Number 

Index 

1911 ,Qft1 

186. 

188. 

2.0 


Original Oil (not steril- 
ized), examined No- 


vember, 1914 933 

Original Oil (not steril- 
ized), examined Feb- 

185.4 

189.6 

2.8 

1.4867 

ruary, 1919 943 

Original Oil (sterilized 
November, 1914*), 
examined February, 

182.1 

192.3 

4.8 

1.4831 

1919 936 

181.5 

191.8 

0.9 

1.4816 


RAW MENHADEN OIL 

(Untreated and Sterilized) 

•ippclflc lodfne Saponiflca- Acid Kelractive 
AEf ^ Gravity No. tlon No. Number Index 

26. Original Oil (not 


sterilized), examined 

1911 932 168. 187. 3.9 

Original Oil (not steril- 
ized), examined No- 
vember, 1914 934 166.3 193.7 16.1 1.4860 

Original Oil (not steril- 
ized), examined Feb- 
ruary, 1919 940 166.9 191.5 21.3 1.4802 

Original Oil (sterilized 
November, 1914*), 
examined February, 

1919 938 156.2 190.1 6.1 1.4802 


*Sterilized by heating to 106“ C. 
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TABLE 81 

MISCELLANEOUS TESTS 

Analyses made after allowing oils to remain in glass 
bottles for nearly three years. No determinations were 
made at start of test. 

Specific Iodine Saponlflca- Acid Refractive 
Gravity No. tlon No. Number Index 


26. Peanut Oil 916 87.1 192.4 3.6 1.4696 

27. Poppy Seed Oil 931 133.2 194.3 7.4 1.4767 

28. Alfalfa Seed Oil 926 152.1 186.4 8.8 1.4791 

29. Tung Oil** 937 153.5 190.1 .8 1.4996 


Suggestions Regarding the Selection of Drying Oils . — 
The selection and use of oils for the products of various 
industries requires the constant care and skill of the 
chemist and the factory superintendent who have been 
trained to know the properties of each type and the ser- 
vice they will perform. The use of oiis without such in- 
formation often results in the production of inferior ar- 
ticles and suggests the advisability of using products 
that are made under the guidance of skilled technicians. 

Moisture in such oils as linseed may be held responsible 
as the active agent that often causes the formation of 
free acid. The removal of moisture by heating raw lin- 
seed oil to at least 105° C. will guard against such devel- 
opment. Products with which the oil is used should be 
kept in a thoroughly dry condition so that moisture from 
this source will likewise be excluded. 

Sediment or foots in raw oil are made up largely of mu- 
cilaginous and nitrogenous substances, and moisture. 
These products are objectionable and are often the cause 
m drying troubles. They further serve the purpose of 
ideal sprouting media for microorganisms. The use of 
foots-free, well filtered oil is suggested. 


♦•Source unknown. Very heavy granular deposit settled out, streaked 
^Ith fungus growth. 

VOTR* All of the above determinations were made at 60 F., except 

ihaV'a ?empera^tS?f ^5^ 

Hubl soiutioi. was v..se<l. 
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The use of rosin and rosin driers of an acid nature in 
a promiscuous manner is to be avoided, as they are often 
the cause of troubles that later develop. For this reason, 
boiled oils of the Lnoleate type are to be preferred in 
some products, to those containing resinate driers. 

Refined oils should be used with care. Acid refined oils 
often contain the sulphonic acid radical that may continu- 
ously affect the formation of free fatty acid over a long 
period. While refined oils having an acid value of 9-10 
are desirable for some work, those having an acid value 
of not more than 6 are generally preferred. Alkali re- 
fined oils are substantially neutral and may be used with 
much greater safety. The lack of grinding properties 
possessed by alkali refined oils would suggest their use 
rather as thinning media to be added to products grouiid 
with moisture-free raw oil of normal acid value. 
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CHAPTER VI 


New Foreign Oils 

An Interesting Foreign Seed Oil (Palo mana.) — The 
writer recently secured samples of an oil that had been 
shipped into this country as tung oil, in 5-gallon tin con- 
tainers, together with a large shipment of commercially 
pure tung oil in similar containers. The peculiar aro- 
matic and resinous odor and the dark color of the oil led 
the manufacturer who had purchased this shipment to 
believe that the cans contained an impure grade of tung 
oil. Samples were accordingly examined,, and the writer's 
laboratory results are shown below. 

The oil was clear, but of a dark green tint. It pos- 
sessed a highly aromatic odor. It was soluble in the 
usual oil solvents, but upon admixture **with 10% of lead 
and manganese drier it became cloudy and highly viscous, 
precipitating out a green mass, apparently due to reac- 
tion with the lead. When spread upon glass, four days 
were required before tackiness was shown and a globu- 
lar film resulted. When admixed with 10% of drier, the 
film was still tacky at the end of four days. When ad- 
mixed with equal quantities of linseed oil and 10% of 
drier or with equal quantities of tung oil varnish, drying 
occurred in four days’ time. On heating to 200° C. for 3 
hours and incorporating in the mass 1% of red lead as 
drier, a highly viscous and rather cloudy mass was ob- 
tained, which did not show good drying properties. It 
is apparent that special treatment of the oil would be 
required to make it applicable to the paint industry. 
Analysis of the oil is shown herewith. 

ANALYTICAL RESULTS. 

Refractive index - 

Specific gravity 

Acid value ... - 


1.4743 

.934 

46.1* 


'Piu'nolphthalein was used as indicator when making the acid value 
determinations, but difficulty was experienced in observlnfir the end point. 
Using litmus as an indicator, acid values of 6 and 6 were obtained. 
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Saponification value 198.0 

Iodine value - - 96.6 

Volatile at 200® C....- Negative 

Rosin test Negative 

Petroleum test Negative 

Tung oil heat test (Browne) Negative 

The constants of this oil were so different from those 


of tung oil as to make it quite certain that the sample 
was not an adulterated tung oil but consisted of some 
foreign seed oil that had been shipped, possibly by mis- 
take. A search of the literature revealed the product as 
apparently identical with an oil grown in the Philippines 
and known as Palo maria, the botanical name of which 
is Calophyllum inophyllum. In this connection, the fol- 
lowing quotation from page 444 of a paper entitled ''Com- 
mercial Utilization of Some Philippine Oil-Bearing Seeds,*' 
by George F. Richmond and Mariano Vivencio del Rosa- 
rio, published in The Philippine Journal of Science, Vol. 
II, No. 6, Section A (December, 1907), may be of interest. 
The present writer showed a sample of the oil referred to 
above to Mr. Richmond, one of the authors of the above 
paper, who believed it to be identical with the sample 
described in his paper'. 


Calophyllum inophyllum {Palo maria ) — A large hard- 
wood tree belonging to the family Guttiferse, found along 
the seashores throughout the tropics of both hemispheres. 
In the Philippines it is known as palo mari de la playa to- 
distinguish it from Calophyllum wallichianum, the widely 
distributed form found in upland forests, fchown as palo 
maria del monte. It has a beautiful, dark green^ thick,, 
hne-nerved leaf, 4 to 5 inches long, from whence is de- 
rived the name Calophyllum or Schdnblatt. The fruit is 
the size of a walnut, with a fleshy rim containing, a thin • 
shelled seed which incloses a hard, oily kernel. The fruit 
of the mountain variety is only two-thirds to three-fourths 
the size of that growing near the seashore. Each trm 
yields .several bushels of nuts per year.. There is no es- 

»Tavera: Medicinal Planta.^f the Philippines, Manila (1901), 38- 
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tablished industry, although in some localities the oil is 
expressed and used for lights. 

Oil from the expressed seeds of Calophyllum inophyU 
lum is called domha, and in Indo-English, improperly, lau- 
rel-nut oil. The kernels on extraction yield 70 to 76 per 
cent of a greenish-yellow oil. The oil is not serviceable 
as an edible fat, since it contains a poisonous resin to 
which the color and odor are due. On the other hand, 
it finds application as a natural remedy in skin diseases 
and rheumatism, and it is used for that purpose in many 
districts of India; it is exported in considerable amounts 
from Travancore, particularly from Burma, and under 
the name of ‘"udilool” it has been experimented with in 
Europe for some time in the treatment of rheumatism. 

The seeds of Calo]>hyllum inophylhtmj' a forest tree 
widely distributed in the eastern tropics, furnish an oil 
known by various names (dilo, domba, pinnay, poon seed 
or tamanu oil) ; when mixed with pigments, this forms a 
paint that dries in twelve hours, without any previous 
boiling. Owing to the large yield of^oil and the plentiful- 
ness of the trees in India, Ceylon, the Malay Archipelago 
and Java, and the South Pacific islands, etc., this oil ap- 
pears likely to be an important article in the future. 

Domba oiF is obtained from the nuts of Calophyllum 
inophyllum. It is chiefly used as an embrocation for 
rheumatism, and for illuminating purposes. Domba oil is 
sold in Burma at four times the Calcutta price of castor 
oil, which it resembles. G. Fenler’" has made a chemical 
examination of the oil from Calophyllum inophyllum. He 
describes it as greenish-yellow in color, of a bitter, pun- 
gent taste, soluble in all proportions in the usual solvents, 
but insolifble in absolute alcohol. The following values 
are recorded: 


Specific gravity at 15® C 0.942 

Reichert Meissel number 13 

Acid value 28.46 

Saponification value 196 

Iodine value 92.8 


'‘Aider Wright, C. K.: Fixed oils, fats, butters and waxes 
(1903), 348. 

Soc. Chem. Ind. (1901), 20, 624. 

"'C/fem. Ztitchr. (1906), 29, 16. 
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faint and vabnish 

By treating with caustic soda the oil yields a greenish 
x^in of semiliquid consistency, soluble in alcohol. The 
fatty acids consist mainly of palmitic, oleic and stearic. 
It is stated that the oil is also used in the manufacture 
of soap. 



Meal from Polymerized Tung OM. Meal from Soft Lumbang Oil. 


Aleurites Trisperma, '*Soft Lumbang'* Oil — What ap- 
pears to be an excellent drying oil that has not yet found 
its way into the paint and varnish industry was recently 
delivered to the writer by Mr. R. A. Young, Plant Intro- 
ducer of the Bureau of Plant Industry, U. S. Department 
of Agriculture. This oil comes from the seeds of the 
same botanical species as tung oil and lumbang oil. It is 
known as Aleurites trisperma or ‘‘soft lumbang,” which 
differentiates it from true lumbang. Aleurites moluccana. 
Aleurites trisperma or soft lumbang is a tropical species 
apparently of limited distribution. It is grown in the 
Philippine Islands where it is said to fruit irregularly. 
According to Mr. Young, the Porto Rico Experiment Sta- 
tion reports that “soft lumbang” fruits in Porto Rico 
even more freely than true lumbang, and it is possible, 
therefore, that substantial quantities of the oil might be 
obtained- for importation into the United States. 

The only published data to be found regarding this 
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oil appears in the Philippine Joiimal of Science. Vol. II. 
110. 6, Section A, page 443. as follows: 

** Aleurites trisperma. — ^Another species of candie nut, 
called lumhang hanucalag in Cavite and baguilumbang in 
Tayabas, is entirely confined to the Philippines, where it is 
widely distributed, but not so abundant as the first variety. 
The tree is about 40 feet high, and the fruit matures in 
June and July. Both species are propagated by seed or by 
cuttings and are of very rapid growth. The oil expressed 
from the Aleurites trispernm is more viscous and darker 
colored than that from Aleurites moluccana. Locally it is 
used principally for painting boats. The seeds of this 
variety of candle nut are comparatively thin shelled and 
are easily crushed. 

“One kilo of unshelled nuts produced 357 grams of 
shells and 643 grams of kernels. One kilo of unshelled 
nuts, crushed and pressed, yielded 327.28 grams of oil or 
32.72 per cent, which corresponds to a yield of 50.9 per 
cent calculated on the kernels. The 8il dries more rapidly 
than linseed oil or the lumbang bato previously described, 
and is so clo.sely allied to the Chinese wood oil as to make 
its differentiation difficult.” 

Two samples of the oil were received. One was crusp^ji i 
from the seed and one from the whole seed; the formci, 
of course, being lighter in color. Both, however, werrj 
of a light amber color, somewhat paler than the com- 
mercial grades of lumbang or tung oil obtainable in tta * 
market. The odor of each was similar, strongly resem- 
bling that of tung oil. In body they also resembled turn: 
oil, being rather viscous. Analysis of the oil in comnari- 
son with pedigreed samples of tung oil and lumbang oil 
were made. The results are charted below: 
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TABLE 32 



Aleurites 
Fordll. 
Tlinf? Oil, 
Chinese 
Wood Oil 

Aleurites 
Moluccana, 
Ijumbang: Oil, 
Candle Nut Oil 

Aleurites 

Trisperma, 

Soft 

T..umbang Oil 
crushed from 
he'^d 

Aleurites 

Trisperma, 

Soft 

Lumbanja: Oil 
crushed from 
Avholo seed 

Refractive Index 

1.5092 

1.4765 

1.4929 

1.4927 

Specific Gravity 

.941 

.927 

.938 ) 

.9383 

Acid Value 

4.0 

2.3 

4.4 

7.1 

Saponification Value 

192. ! 

192.3 ! 

194. 

190. 

Iodine Value (Hanus) 

Unsatisfac- 
tory Method 

162. 

Unsatisfac- 
tory Method 

Unsatisfac- 
tory Method 

Iodine Value (Hiibl) 

167.8 


164.2 

160.5 

Tung Oil Heat Test 
(Browne Method) 

Firm, crum- 
bly jelly in 
10 minutes 

Negative 

Negaitve 

Negative 


It is to be noted that the Hanus iodine value is un- 
satisfactory on “soft lumbang'’ oil, while the Hiibl method 
gives results comparable to those obtained on tung oil. 
This is another feature which distinguishes “soft lum- 
bang*^ from ordinary lumbang oil and indicates the simi- 
larity between “soft lumbang” and tung oil. 

When the “soft lumbang” oil was spread on glass it 
dried in 34 hours to an opaque, crystalline film, resem- 
bling the film that is produced by raw tung oil. When 
10 per cent of lead-manganese drier was added to the 
“soft lumbang” oil a perfectly clear, firm film was ob- 
tained on glass in 14 hours. This result indicated that 
the oil could be used without heat treatment iil the same 
manner as linseed oil in the manufacture of paints. This 
result differentiates the oil from tung oil which is very 
difficult to use without heat treatment if perfectly clear 
and hard films are desired. 

A small amount of the oil was exposed to the air and 
sunlight in a partially filled test, tube for a period of one 
week. At tfJe end of that time, an opaque, crinkled mass, 
• light in color, was shown. This mass was removed from 
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the tube. Upon pressure it readily granulated to a meal 
resembling the meal formed by crushing heat polymerized 
tung oil. This peculiar physical condition would suggest 
its use as a filler for inlay linoleum. A photograph of 
the material is shown above. 

It was found that the granular mass referred to above 
is of a different nature than the mass formed by the heat 
polymerization of tung oil. Granulated polymerized tung 
oil is practically insoluble in all solvents and even little 
affected by boiling caustic soda. The mealy mass from 
the “soft lumbang” oil was found to be readily soluble in 
caustic soda (10' , solution) with the formation of a clear 
soap. It was also found somewhat soluble in boiling 
alcohol. 

As will be noted above in the chart of analytical data, 
“soft lumbang” oil, like true lumbang oil, is not affected 
by heat as is tung oil, and does nof polymerize when 
brought to 280'’ C. and held at that temperature for a 
period of even 15 minutes. During this process, however, 
the oil becomes viscous (bodied) and apparently is well 
suited to use in the manufacture of varnishes. Experi- 
ments were made in the production of a varnish with 
“soft lumbang’' oil on the same formula used in the man- 
ufacture of a tung oil varnish. For this purpose there 
was used with both oils a percentage of linseed oil and 
rosin with lead as the drier and mineral spirits as the 
thinner. Both oils were treated in the same fashion. 
The tung oil varnish had better body and slightly more 
rapid drying properties than the soft lumbang varnish. 
Both gave very waterproof films. 

Stimulation of the production of “soft lumbang” oil in 
both the Philippines and Porto Rico should result in 
available quantities of this oil for use in the United 
States. Its properties make it most desirable for use in 
fhe paint and varnish industry. 

Philippine Lumbang Oil Industry . — In the March, 1919, 
issue of the Philippine Journal of Science, appears an ar- 
ticle entitled “The Lumbang Oil Industry in the Philip- 
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pine Islands/' by R. H. Aguilar, of the Bureau of Science 
at Manila. In this article much information is given re- 
garding the proper methods of shelling the nuts and 
treating the kernels in order to prevent hydrolysis and 
discoloration of the oil. The comparatively ready sepa- 
ration of the kernels from soft lumbang nuts is pointed 
out. Production figures are presented, which are of in- 
terest. Because of the importance of the above described 
paper and the limited distribution in this country of the 
Journal in which it appears, some of the more important 
paragraphs are presented below as extracts. These will 
doubtless be of interest to the paint and varnish tech- 
nologist. 


* * * «There are two kinds of lumbang nuts known in the Phil- 
ippine Islands from which oils are obtained; lumbang bato 
{Aleurites moluacana)' and lumbang banucalag {Aleurites 
trisperma), Lumbang bato is of wider distribution, more 
abundant, and better known than lumbang banucalag, and 
the attention of manufacturers at present is devoted to the 
production of oil from the former. Lumbang banucalag is 
almost unknown in the Manila market, and when the word 
‘lumbang^ is employed it is generally taken to mean lum- 
bang bato. The Chinese, who are the largest dealers in lum- 
bang oils,“ are not willing to handle the banucalag variety, 
because it is supposed that contact causes skin eruptions;* 
but, in my opinion, there is no foundation for this belief. , 
“The supply of banucalag nuts is irregular and until a 
definite supply can be depended upon, the extraction of oil 
from these nuts would hardly be profitable as a separate 
industry; but no doubt it could be carried on profitably in 
connection, with the extraction of lumbang bato , oil. The 
close similarity* between lumbang banucalag oil and Chinese 
W’ood oil, and the fact that the latter is so highly appre- 
ciated® by United States paint manufacturers, constitute in- 
ducements for the production of banucalag oil. * * * 

“An estimate of the yearly Philippine crop of lumbang 
nuts is very difficult to make. It would not be legitimate 


‘Richmond, G. P., and Rosario. M. V.. Philip. Journ. Scl., § A 2 (1907), 

441-443. 

•For further data see Brill, H. C., and Agcaoili, F., Philip. Journ. Scl., 
JA 10 (1916), 118. ' 

•Aguilar, R. H.' Philip. Journ. Sci.. 8A 12 (1917). 236. 

' •Rfchmond, G. P., and Rosario, M. V.; Philip. Journ. Sci., 8A 2 (1907), 

44S. 


•Drugs, Oils, and Paints 30 (1914). 207. 
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to base such on the annual production of lumbangf oil, be- 
cause the portion of the crop now used for oil manufacture 
is very small. In 1911 one manufacturer claimed that there 
was a sufficient available supply with proper machinery to 
produce 5,000 kiloj?rams of oil per day; this amount would 
represent about 9,000 kilograms of kernels or about 26,000 
kilograms of dry unshelled nuts. On this basis the avail- 
able nuts would supply a modern oil factory with a monthly 
capacity of 234 metric tons of nut kernels. The Bureau of 
Forestry is encouraging the planting of lumbang trees 
throughout the Archipelago, and it is estimated that approxi- 
mately a half million trees are being planted annually. 
Therefore, an increasing supply of raw material for the 
manufacture of lumbang oil is assured. The number of lum- 
bang trees in the Islands is not definitely known, but the 
information at hand would seem to indicate that it is possi- 
ble to secure an abundant supply of lumbang nuts and to 
make of the lumbang oil industry a profitable business. * ♦ * 

^‘Lumbang bato nuts may be stored for a year or more in 
a cool dry place without their undergoing an appreciable 
change in the amount or the composition of the oil; but 
lumbang banucalag nuts stored for the same length of time, 
probably due to oxidation, will be greatly affected in both 
the amount and the composition of the oil, with an increase 
in its acidity. No mold or fungus was observed on any of 
the nuts stored. Due to the comparatively thin shell the 
kernels of lumbang banucalag nuts can be easily separated 
from the shell after cracking; but considerable difficulty 
was experienced in trying to find some adequate means of 
separating the kernel from the shell of lumbang bato nuts; 
nuts gathered over a year ago showed, when opened, that 
the kernel still adhered firmly to the shell. Steaming has 
been used successfully with certain varieties of cocoanuts, 
but is unsuccessful in this case and, furthermore, darkens 
the kernel and the oil. The commonest procedure now in 
use is to crack the nuts and pick out the kernels by means 
of a pointed instrument, a very tedious operation. 

Lumbang Bato (Aleurites Moluccana) 

**Biau (Misamis, Davao) ; lumbang (Rizal, Laguna, Zam- 
boanga, Batangas) ; lumbang bato (Cavite). Lumbang is 
^ the name officially adopted by the Bureau of Forestry. * * * 

“Among the various procedures now in use for the purpose 
of minimizing the work involved in removing th^ kernel from 
the shell of lumbang bato nuts, none of which has been found 
wholly satisfactory, are the following: 
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*'Iii some localities the Chinese place large quantities of nuts 
on the ground, cover them with straw and after burning the 
straw immediately sprinkle the nuts with cold water. They 
claim that with this method the nuts burst. In Laguna, Taya- 
bas, and Batangas Provinces, the nuts are placed in tanks of 
boiling water and left there for from five to six hours. This 
loosens the kernel, and when sufficiently cool the nuts are 
cracked and the kernels are separated from the shells. These 
two methods produce brown kernels from which only brown 
oil can be expressed. 

“In Moro Province, along the coast of Davao, the nuts are 
dried in the sun until the kernels loosen sufficiently, which may 
be a.scertained by occasionally cracking a few nuts for trial. 
The drying takes from five to ten days or more, depending 
upon the condition of the weather; the nuts are then cracked 
and the kernels removed. This process is very slow, although 
the kernel usually comes out whole and is of the best quality. 

“The method that has been developed in the Bureau of 
Science laboratory reduces somewhat the time and the labor in- 
volved in the preparation of the kernel and has no injurious 
effect on the oil. 'The nuts were heated in an oven at 95® C. 
for from three to four hours, dumped rapidly into cold water, 
and left over-night. The next morning the shells had burst, 
and the kernels were separated without difficulty. * * ’f 


TABLE 33. 

Constants of Three Samples of Oil 



Oil expressed j 
from fresh 
kernels 

Oils obtained from the 
market 

Grade I. 

Grade II 

Appearance 

Light colored 

Browm 

Dark browm 

Specific gravity at 16.6® C. 

0.9261 

0.9263 

■6.9237 

Saponification value 

188 

193 

194 

Iodine number 

154 

157 

‘160 

Acid number ,, 

0.55 

64.25 

106.48 


* He « « 


“Lumbang Banucalag (Aleurites Trisperma) 

**Baguilumhangf baluealad (Laguna) ; banucalag, lumbang 
banucalag, lumbang gubat (Cavite); balucanag (Batangas);* 
lumbang (Oriental Negros, Camarines). Baguilumbang is 
the name officially adopted by the Bureau of Forestry. * * 
“Freshly gathered nuts, free from moisture, produce ker- 
nels of the best quality, and 'the yield of oil by expression at 
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800 kilograms per square centimeter may be as much as 56 
per cent, of the weight of the kernels. This amount repre- 
sents about 35 per cent, of the weight of the dry nuts, where- 
as the oil obtained from lumbang bato kernels represents only 
about 19 per cent. The banucalag oil so prepared is of very 
good quality, light amber in color, and altogether satisfactory 
in its physical and chemical properties. If the oil is placed 
in air-tight containers while fresh, it will keep longer and no 
appreciable change in its composition will be noticed. On the 
other hand, unshelled nuts that were kept for sixteen months 
underwent so great a change in their oil value that the yield 
by expression was reduced from 56 per cent, to 40 per cent, 
of the weight of the kernel, and the oil was high in free fatty 
acids and much darker in color. The results obtained are 
shown in the following table: 


TABLE 34 

^‘Constants of Bunucalag Oil 




Oil expressed 


Same oil 

from the 

Oil cx])ressed 

after being 

kernels of 

from Ihc* 

kept for 1(» 

nuts stored 

kernels of 

months in a 

in a sack in 

fresh mils 

well-stoppered 

a cool, dry 


bottle 

place for 16 
months 

Per cent of oil based on 



the weight of kernels . 56 


40 

Color of oil .... Light Amber 

Amber 

Dark Amber 

Specific gravity at 15.5® C. 0.9362 

0.9385 

0.9441 

Saponification value 191 

192 

200 

Iodine value 166 

170 

160 

Acid value 2.22 

5.51 

49.14 




“Summary and Conclusions 

“The lumbang oil indu.stry, if properly developed, will be- 
come a profitable business. 

“It is much less desirable for a factory devoted to the man- 
• ufacture of lumbang oils to purchase kernels than the nuts 
from which to prepare its own kernels, because oil from ker- 
nels that are being sold in the market is almost always of 
lower grade than that from freshly prepared one^. 

“No appreciable change can be noticed in the available oil 
content of uncracked lumbang bato nuts stored for over a 
year; ‘but the content and the quality of the oil of unshelled 
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banucalag nuts stored for the same length of time is consider- 
ably reduced. In the latter case even the shell is insufficient 
to protect the oil in the kernel from oxidation by the air, and 
shelled kernels deteriorate very rapidly. 

“Both oils after expression may be kept satisfactorily in 
proper containers. In view of these facts, a lumbang-oil fac- 
tory engaged in the commercial expression of both bato and 
banucalag oils, in order that the maximum yield and best qual- 
ity of both bato and banucalag oils may be obtained, preferably 
should commence the season with the expression of banucalag 
oil and store the bato nuts until the other species is finished.^^ 
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CHAPTER VIL 

Standards for Tung Oil 

There is reprinted herewith the standard specifications 
of the American Society for Testing Materials for Tung 
Oil, with the revisions proposed in June, 1920. There 
is also presented a reprint of the adopted report of Sub- 
Committee III of Committee D-1, of which the writer is 
chairman, on tests of Tung Oil carried out during the 
year. 

In the past, much Tung Oil has been purchased by the 
paint, varnish and allied industries, with very little guar- 
antee of purity. Some jobbers in Tung Oil have offered 
oil subject to arbitrary test. The chemist in the pur- 
chaser’s plant might thus have no means of checking the 
results. With the purpose of overcoming this condition, 
the attached specifications and methods, which were 
worked out by paint and varnish chemists in many of the 
most prominent plants in the country, are presented. It 
is the writer’s suggestion that all paint and varnish man- 
ufacturers in the future use the results of this work when 
making purchases of Tung Oil. The oil jobbers who first 
assist this work by discarding old time trade practices 
and by offering Tung Oil subject to these specifications, 
should merit the confidence of the whole industry. 

STANDARD SPECIFICATIONS 

For Purity of Raw Tung Oil (Chinese Wood Oil) With Revisions 
Proposed in June, 1920. 


I. Properties and Tests 

’ 1. Raw Chinese wood oil shall conform to the following 

requirements : 
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15".5 

Maximum. 

Minimum. 

Specific Gravity at C 

0.943 

0.939 

15".6 



Acid Number 

6 


Saponification Number 

196 

190 

Unsaponifiable Matter, per cent 

0.75 


Refractive Index at 25“ C 

1.520 

1.515 

Iodine Number (Hiibl 18 hours) 



165 

Heating Test, minutes 

.12 



II. Methods of Testinf; 

2. The recommended methods of testing are as follows : 

Specific Gravity . — Use a pykometer accurately stand- 
ardized and having a capacity of at least 25 cc., or any 
other equally accurate method, making the test at 15°. 5 
C., water being 1 at 15°.5 C. 

Acid Number . — Weigh 10 g. of oil .‘n a 200-cc. Erlen- 
meyer flask, add 50 cc. of neutral alcohol, connect with a 
I'eflux air condenser (or place small funnel in neck of 
flask), and heat on a steam bath for Vz hour. Remove 
from the bath, cool, add phenolphthalein, and titrate the 
free acid with N/5 sodium hydroxide. Calculate as the 
acid number (milligrams of potassium hydroxide to 1 g. 
oilV 

Saponification Number . — ^Weigh from 2 to 3 g. of oil in 
a 200-cc. Erlenmeyer flask, add 30 cc. of a N/2 alcoholic 
solution of potassium hydroxide, connect with a reflux 
condenser, heat on a steam bath for 1 hour, th^ titrate 
with N/2 sulfuric acid, using phenolphthalein as indicator. 
Always run two blanks with the alcoholic, potash. From 
the difference between the number of cubic centimeters of 
acid required by the* bfanks and the determinations, cal- 
culate the saponification number (milligrams of potas- 
sium hydroxide to 1 g. of oil). 

Unsaponifiable Matter . — To 25 g. of oil add 15 cc. of an 
a<Jueous solution of KOH (200 g. of KOH dissolved in 
water and piade up to 300 cc.) and 35 cc. of 95 per cent 
alcohol. Connect with a reflux condenser and heat on the 
water bath for 1 hour with occasional shaking. Transfer 
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to a separatory funnel containing a little water and wash 
out flask with water, using in all 125 cc. Cool, add 200 cc. 
of ether and shake vigorously for 1 minute. In a few 
minutes the ether solution will separate perfectly clear. 
Draw off the soap solution into another separatory fun- 
nel. Shake the soap solution with three 100-cc. portions 
of ether. Unite all the ether portions and wash with 
three 30-cc. portions of water. Filter the ether solution 
(small portions at a time) into a tared flask, distill off the 
ether and dry flask and contents to constant weight at 96 
to 300° C. in a steam oven. Report the percentage of 
unsaponifiable matter. 

Refractive Index . — Use a properly standardized Abbe 
refractometer at 25" C., or any other equally accurate 
instrument. 

Iodine Number {Htihl ). — Place a small quantity of oil 
into a small weighing bottle or beaker. ^Veigh carefully. 
Transfer by dropping from 0.2 to 0.3 g. to a 500-cc. bottle 
having a well-ground stopper, or a specially flanged neck, 
iodine-test Erlenmeyer flask. Reweigh the weighing bot- 
tle or beaker to determine the amount of oil used in the 
test. Then dissolve the oil in 10 cc. of chloroform and add 
an amount of Hiibl solution containing twice the amount 
of iodine that will be absorbed by the oil. Stopper the 
flask, shake well, and place in a dark closet for 18 hours. 
Add 20 cc. of a 10-per-cent solution of potassium iodide 
and 100 cc. of distilled water. Titrate with N/10 sodium 
thiosulfate, using starch as an indicator. Blank tests 
must be made. From the difference between the amounts 
of sodium thiosulfate required by the blanks and the de- 
termination, calculate the iodine number (centigrams of 
iodine to 1 g. of oil). 

On account of the fact that Hiibl so'lution after prepara- 
tion is apt to deteriorate in strength, it is considered ad- 
visable to have prepared the two component parts of 
Hiibl solution, namely, a solution of mercuric chloride in 
alcohol and a solution of iodine in alcohol, of the proper 
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strength, as outlined in text-books. The proper amounts 
of these solutions may be mixed on the day of use. 

Heating Test — Test tubes containing the oil should be 
16 cm. by 16 mm., with a mark near the bottom to indi- 
cate 6 cc., and closed by a cork so perforated that a glass 
rod 3 mm. in diameter can move freely. 

Fill an 800-cc. glass beaker (height, 16 cm.; diameter, 
10 cm.), with cottonseed oil or soya bean oil to a height 
of 7.6 cm. Place a thermometer so as to be 1.5 cm. from 
the bottom of the bath. (See Fig. 1.) 
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A 

Plan. 


t ' 



VerHcal Section, 


“ 5P£CIFICAT10NS — 


A. ieaker Glass Pyrex, 800 cc. 

D. 

Test Tubes f IS cm. x 1$ mnj. 

B. Covtr Plate ( Iron or lA/oool,) 

E. 

Thermometer,- Small Range. 

C. Collar Support ( Rubber 

F. 

Glass RodSf ( 3 mm. with 

• Stopper No. 6.) 


Cork Stoppers ) 


Pig. 1.— Tung Oil Heat Test Apparatus (Revised 4 920). 


Note. — Collars C may be omitted and tubes supported In present place 
aid of wire gauze placed In bottom of oil bath and resting on bottom 
beaker. 
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Use a nitrogen-filled, chemical thermometer; engraved 
stem; total length 4 to 4^9 in., graduated from 210 to 
310° C. in 2° intervals; the length between 210° and 
310° C. not less than 21^ in. Thermometer glass shall be 
well annealed. 

When the bath temperature is 293° C. (560° F.) and 
very slowly rising at this point, place the tube containing 
6 cc, of the oil to be tested and the tube containing 5 cc. 
of the control sample, so that the bottom of each tube is 
level with the lowest part of the bulb of the thermometer. 
If desired, the collars C may be omitted and the tubes 
allowed to rest upon a piece of wire gauze placed in 
the bottom of the oil bath so that the tubes will 
be 1.5 cm. from the bottom of the bath. Note the 
time. Remove the source of heat for about 45 seconds 
and then reapply. Before 2 minutes have elapsed the 
temperature of ^he bath will have fallen to 282° C. (540* 
F.), at which point it should be kept as steady as possible. 
When the samples have been in the bath 9 minutes, raise 
the glass rods at intervals of minute. Note the time 
when each sample becomes firmly set. At this period the 
oil will be so stiff that the entire tube may be lifted by aid 
of the rod if the collar C is omitted from the apparatus. 
As setting or jellying takes place within a few seconds of 
fluidity, a good end determination is afforded. Remove 
the specimens. Heat the bath again to 293° C., and re- 
peat the experiment with fresh portions of the sample. 

No stirrer is used in the bath. A screen around tJhe 
bath enables the temperature to be more easi^ reached. 
When the bath oil has become tarry and viscid^ it should 
be renewed ; otherwise heating may be irregular. 

REPORT OF SUB-COMMITTEE III 
Tests of Tung Oil 

The subject of the heat test in the present Standard 
Specification^ for the Purity of Raw Tung Oil (D 12-16)* 

> 1918 Book of A. S. T. M. Standards, p. 576. 
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has received much consideration during the past year. 
At the suggestion of members of the committee, the ap- 
paratus has been slightly modified. For tests with the 
modified apparatus there was forwarded to each member 
of the committee samples of oil as follows: 


100 per cent Pure A. S. T. M. Tung Oil. 

95 per cent Pure A. S. T. M. Tung Oil — 5 per cent Soya Bean Oil. 

90 per cent Pure A. S. T. M. Tung Oil — 10 per cent Soya Bean Oil. 

85 per cent Pure A. S. T. M. Tung Oil — 15 per cent Soya Bean Oil. 

No. 1 J. G. Commercial Tung Oil 100 per cent. 

No. 2 J. G. Commercial Tung Oil 90 per cent — Soya Bean Oil 

10 per cent. 

No. 1 A. A. Commercial Tung Oil 100 per cent. 

No. 2 A. A. Commercial Tung Oil 90 per cent — Soya Bean Oil 

10 per cent. 

• 

The oil referred to above as pure A. S. T. M. Tung Oil 
was of the same batch reported in the Proceedings for 
1914." This oil was pressed at the Bureau of Chemistry 
from Chinese tung-oil nuts delivered by the agricultural 
explorer of the Bureau of Plant Industry ; the nuts having 
been imported from China by L. C. Gillespie and Co., New 
York City. This oil had been kept for a period of six 
years in a black bottle at the Bureau of Chemistry and 
the Bureau of Standards. It had been opened on only 
one occasion, about a year ago, at which time it was per- 
fectly clear and fluid. A small sample was then with- 
drawn. The container was again sealed and kept for a 
further period of one year, at which time the bottle was 
cjpened to obtain samples for the present work. It was 
then noted that the oil was turbid. Upon placing a ves- 
sel containing a sample of the oil in warm water, the oil 
would immediately clear up. 

• 

The soya bean oil used was a commerci^ly pure sample 
previously used in committee work. The'sample of J. G. 


* Proceedings, Am. Soc. Test. Mats., Vol. XIV, Part I, p. 237 (1914). 
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Commercial Tung Oil was recently obtained from one of 
the largest tung-oil producers in America, who stated that 
the oil was of the usual high-grade quality. The sample 
of A. A. Commercial Tung Oil used was recently ob- 
tained from one of the largest oilcloth firms in America 
from a lot that had proved very satisfactory, and which 


Table 35.— Constants of Various Oils Used in 1920 Tests — Report 
by Bureau of Standards 


Properties i 


Specific Gravity at 
15°. 6/16°. 6 C. 
Acid Number... 
Saponification 

Number 

Iodine No.(Hanus 
25 cc., %hour) 
Iodine No. (Hubl 

18 hours) 

Iodine No. (WilJ 
H hour room 
temperature).... 



c 

CO 

! = 

! <f= 

*2 

pq 

3^ Of'". 

No. 1 A 
Commei 
Tung 

io 

^.5 

I 

i 

0.9314 

1 

0.9297 

1 

0.9406 

0.9393 

4.6 

10.76 

1.3 

4.4 

191.5 ** 

194.2 

192.4 

193.6 

178.7 

136.8 

170.4 

170.0 



163.4 

161.1 




o’ ih 


0.9404 

4.8 


193.2 


170.6 

163.1 


It is very interesting to compare the constants obtained for the 
1914 A. S. T. M. No. 2 Pure Tung Oil with the results reported by 
the committee in 1914. 


Properties. 


Tung Oil No. 2 Tung Oil NO. 2 
1914 Analysis. 1920 Analysis. 


Specific Gravity at 15°.6/16°.5 C 

Acid Number 

Saponification Number " 

Iodi ne Number ( Hub l 1 8 hours) 


11.9406 . 
1.3 

192.4 

170.4 


to^thos? Obtalnl^ln* mo.°" *” «« correspond closely 


Taking in account the limit of accuracy of the determinations, 
the analysis of this tung oil after an interval of six years seems to 
show that it is unchanged, with the possible exception that the 
sample has increased to a very slight degree in acid number. 

The conclusion to be drawn from these results is that the forma-' 
tion of white soli^material evident in the sample after the storage 
in a black bottler for six years is not due to polymerization, but to 
-an isomeric change in the elaeostearic glyceride molecule. 
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in their opinion represented the highest grade tung oil 
commercially obtainable. 

There is given in Table 35 a report of the Bureau of 
Standards on the analytical constants of these oils. The 
linseed oil referred to was used in the Hexabromide tests 
reported separately. It was obtained from a tank-car 
shipment known to be pure. 

The instructions sent out to the sub-committee for 
work on these oils are presented below: 

The illustration (Page 87) depicts the type of improved 
apparatus to be used by the members of Sub-Committee III 
in testing the pure and adulterated samples of Tung Oil 
recently foinvarded for co-operative work. The method of 
running the test is essentially that given below (Browne 
method). It should be noted however that a glass cup 11 
centimeters in diameter is recommended. It should also be 
noted that two test tubes are inserted. One tube contains 
a known or control sample of pure of satisfactory oil as a 
standard by which to judge the value of any sample that 
may be placed in the other tube. An iron or wood cover 
plate is used. A Tagliabue thermometer according to the 
specification (see page 87) is used. 

The method of procedure is given below. By this method 
the polymerization period for the pure control sample of 
Tung Oil may, for instance, run 10 minutes. Every addi- 
tional 5% of adulteration may increase the time of setting 
approximately 1 % minutes. 

Heating Test Procedure. ^ — Test tubes for containing the 
oil should be 16 cm. by 16 mm., with a mark near the 
bottom to indicate 6 cc., and closed by a cork so perforated 
that a glass rod 3 mm. in diameter can move freely. 

“In the experiments the thermometer is placed so as 
to be 1.5 cm. from the bottom of the bath. In ascertaining 
the temperature of the bath due attention was given to the 
cool column of the mercury, so that corrected temperatures 
are recorded. 

“When the bath temperature is 293° C. (660° F.) and 
very slowly rising at this point, the tube containing 6 cc. 
of the oil to be tested is fixed in so that the bottom of the 
tube is level with the lowest part of the l^lb of the ther- 
mometer. The time is noted, and the source of heat re- 


K2uot<ed from ProceedingB, Am. Soc. Test. Mats., Vol. XIV, Part I, p. 
242 ( 1914 ). 
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moved for about 45 seconds and then reapplied. Before 2 
minutes have elapsed the temperature of the bath will have 
fallen to 282® C. (640® F.), at which point it should be kept 
as steady as possible. When the tung oil has been in 
the bath about 9 minutes, the glass rod is raised at inter- 
vals of minute, and when the rod is firmly set the time 
is again noted.* As setting or jellying takes place within 
a few seconds of fluidity, a good end determination is af- 
forded. The specimen is at once removed, the bath is again 
heated to 293® C., and the experiment is repeated with 
another portion of the sample. There is no difficulty in 
obtaining results which do not differ by more than Vs min- 
ute. No stirrer is used in the bath. A screen around the 
bath enables the temperature to be more easily reached. 
When the cotton-seed oil has become tarry and viscid, it 
should be renewed; otherwise heating may be irregular. 
The jelly may be removed by half filling the tubes with 
strong sulfuric acid and placing in a warm place a few 
hours.” 

« 

•If apparatus Is used 'vith wire g^auze support fnr tub'^s in place of C 
collar support, the end point is noted when oil stiffens so that entire tube 
may be lifted throufth opening by aid of the glavs rod. (Fee results of 
Ijindsay and Hoss.) 
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Table 36 — Heat Test on Tung Oils 



100 per cent Pure 
American Pressed 
A. S. T. M. Tung 
Oil 

95 per cent Pure-) 
American Pressed 
A. S. T. M. Tungl 
Oil I 

6 per cent Soya 
Bean Oil J 

90 per cent Pure') 
American Pressed 
A. S. T. M. Tung 
Oil 

10 per cent Soya 
Bean Oil 

85 per cent Pure'v 
American Pressed 
A. S. T. M. Tung 1 
Oil ( 

35 per cent Soya 
Bean Oil J 

ion per cent J. G. 
Commercial Tung 
Oil 

90 per cent J. G.") 
Commercial Tung 
Oil . 4 

10 per cent Soya! 
Bean Oil J 

100 per cent AA 
Commercial Tung 
Oil 

90 per cent AA| 
Commercial Tung 
Oil > 

10 per cent Soya 
Bean Oil J 


ij 9 '4 

1 

1 9y^| 9V4 914 9% 9 1/12 9% 9% 

1 

\ 

1 

9% 9% 

1 

9% 

* 1 II 1 

10^(10^ oc/ejio^jii 10 V 4 . 11% io%l 

i 

111% 9 6/6 

10% 

Li%L'4 12« lUil 

1 

11% 


1 

1 

12%jll% 

1 

1 


13 y* 

1 

13^ 12 5/6 13 13% 12 5/6 14 13% 

14 12 5/6 

13% 

11% 

12 % 12 12 11% 11% 11 

12% 11 

11% 

14 

14% 14 14 13% 14% 13% 

14% 13% 

14 

12 

12 % 12% 12% 12 12% 11% 

12% 11% 

12 1/3 

i 

14% 14% 14% 14 1/6 14% 13%| 

j.ji 

14% 13% 

! 

14% 
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The reports sent in by the various observers are pre- 
sented in Table 36. 

With the reports that were sent in comments were in- 
cluded by various observers. These are digested below : 

In the work by White and Crowley the results shown represent 
the work of at least three check determinatiops on each sample. 

S. and P. Waldstein noted that the pure A. S. T. M. tung oil 
when received was in a cloudy and semi-solid condition. When 
heated it became clear, ,but subsequently reverted to its original 
condition on recooling. This caused them to wonder whether this 
condition was the natural one for absolutely ppre tung oil. They 
commented upon the fact that the pure American Pressed A. S. 
T. M. tung oil bodied in approximately 9 minutes whereas all com- 
mercial samples received in paint and varnish factories give a heat 
test of not less than 11 minutes. They approve of the glass beaker 
which was substituted for the copper beaker as enabling the oper- 
ator to observe the temperature more closely. 

* 

Kohr, McFadden, Fasig and Marling make brief comment on the 
condition and vicosity of the first four samples. 

Bailey, Baldsiefen and Whitescarver suggest that in laboratory 
work a number of determinations be run on a pure oil and the 
average gelatinizing time determined. When an unknown oil is 
tested the standard should be run at the same time and in the same 
bath. The gelatinizing time of the unknown oil is represented by 
the observed time plus or minus the same correction which it is 
necessary to make to the observed gelatinizing time of the standard 
to correct it to the “average gelatinizing time'^ as previously de- 
termined. 

Lindsay and Ross find it very inconvenient to use a rubber 
stopper for holding the test tubes in the plate, stating that the 
stopper becomes soft and spongy and does not hold the tubes in 
place. They found a cork stopper preferable. They also state 
that they believe the method might be greatly improved by taking 
as the end point that point at which it is possible to lift by 
means of the rod the entire test tube through the opening at C. 
For this determination it will be necessary to do away with the 
rubber stoppers C in the plate openings for the tubes. As supports 
for the tubes keep them 1.6 cm. from the bottom of the beaker,, 
they recomipeno the use of a table placed in the oil bath and made 
of a small b^t wire screen. The rods within the tubes are placed 
in corks having sufficiently .large openings so that the rods move 
freely. 
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Conclusions. — Through the use of the Browne Heat Test 
as revised, more concordant results are shown in the 
hands of the various operators than appear in the work 
done with the original test in 1914-1915. 

It is further apparent that by this revised method tung 
oil containing as low as 5 per cent soya bean oil can be dif- 
ferentiated from pure tung oil. The use of this test with 
revisions noted is therefore recommended to the paint 
and varnish industry for the examination of tung oil. 

It would further appear from the results of the heat 
test run by the committee from 1914 to date, that most of 
the imported commercial tung oils contain appreciable 
quantities of other oils. In order to determine whether 
this conclusion is justified, the committee has arranged 
through different sources to obtain absolutely pure tung 
oil expressed in China under responsible supervision. 
Samples thus obtained will be used lluring the coming 
year in co-operative work. 

It is recommended that the committee be instructed to 
propose a revision of the present Standard Specifications 
for Purity of Raw Tung Oil (Chinese wood oil) (D 12-16) 
substituting the modified Browne Heat Test for the Heat 
Test as now issued. It is also recommended that the 
Iodine Jelly Test be omitted until further work is done 
thereon. 
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CHAPTER VIII 


H«xabromide Test for Determining Purity of 
Linseed Oil 

Work on Hexabromide Values of Linseed Oil 

A new method of determining the hexabromide \'alue of 
linseed oil having been worked out by Dr. Steele and Mr. 
Washburn* of the Bureau of Standards, and a modifica- 
tion of this method by Mr. Bailey, it was the desire of the 
sub-committee to determine their value and whether fairly 
close checks might be obtained with these methods when 
followed by various operators. Accordingly, samples of 
the following oils were sent out to the sub-committee for 
this work by the writer as chairman of the committee. 


Linseed Oil 

.. 

100 per cent 

Linseed Oil 


. 85 

tt 

Soya Bean Oil . .. 

. 

.. 15 

u 

Linseed Oil 


75 

ti 

Soya Bean Oil . . .. 



. 25 

u 

Linseed Oil . 


65 

ti 

Soya Bean Oil 

.. 

. 35 

tt 


The linseed oil and soya bean oil used are described 
below. Copy of the instructions sent to the sub-com- 
mittee together with the methods by Steele and by Bailey 
are given below : 

Information has often been requested as to the best 
method of determining the purity of raw soya" bean oil 
and the purity of raw linseed oil. The iodine numbers 
of these oils are not always the indices of their purity. 
Similarly because of the fact that raw linseed oil from 
North American seed may often have an iodine number 
as high as 185 while raw linseed oil from South American 
seed may have an iodine number as low as 170, it has 

•Journal of Industrial and Engineering Chemistry, Vol. 12, p. 62, Jan- 
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been suggested that there would be difficulty in determin- 
ing whether oil having an iodine number of approxi- 
mately 170 was obtained from South American seed or 
really compounded by mixing North American linseed oil 
with smaller amounts of soya bean oil. Since the ordi- 
narily used methods of chemical analysis would not dif- 
ferentiate between certain mixtures, it has been the 
desire of the analytical chemist to use some other method 
of identification. It would appear that such means are 
available with special Hexabromide Tests. These tests 
measure the percentage of ether-insoluble brominated 
products yielded by the oil in question. Raw linseed oil, 
for instance, has a hexabromide number of approxi- 
mately 46 whereas soya bean oil has a hexabromide num- 
ber of usually less than 5. 

In order to determine the usefulness of the hexabro- 
mide method, the writer as chairman of Subcommittee 
III on the Testing of Paint Vehicles, has forwarded to 
members of the committee, samples of pure linseed oil and 
pure linseed oil mixed with varying amounts of soya bean 
oil. The co-operative analytical work that is being done 
on these oils should give information of great interest. 
The committee will co-operate with Sub-Committee V on 
Linseed Oil. 

There is attached herewith the two methods (Steele 
and Washburn or Bailey's modification thereof) by which 
the hexabromide test may be made. The Bailey modi- 
fication differs from the Steele and Washburn method in 
that an acetic acid-bromide solution is used instead of a 

t iloroform-bromide solution. The Bailey modification 
so entirely eliminates the use of chloroform from the re- 
action mixture and does not require ‘‘amyline" or other 
reagent for removing the excess of bromide after the 
bromination of the fatty acids. The Bailey modification, 
however, requires the precipitated hexab^mides to first 
stand over night in an ice chest instead of immediate 
washing. 
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A NEW HEXABROMIDE TEST FOR LINSEED OIL 
By L, L. Steele and F. M. Washburn, Bureau of Standards 

A. Preparation of Reagents. 

The following reagents are necessary: 

1. Chloroform . — Shake ordinary U. S. P. chloroform with several 
portions of water to wash out all the alcohol. Dry the product 
with granulated anhydrous calcium chloride over night in order to 
remove all traces of water. Decant from the calcium chloride and 
distil. Add to the distillate 3 cc. of absolute ethyl alcohol for 
every 100 cc. of chloroform. Keep in a stoppered brown bottle. 

2. Bromide Solution . — Mix one part by volume of C. P. bromine'*' 
with two parts by volume of chloroform, prepared as above. This 
solution must be made up fresh each day because it deteriorates 
upon standing. 

3. Wash Ether . — Shake ordinary ethyl ether with ten per cent 
of its volume of ice cold distilled water. Separate and repeat the 
washing three times. Dry the washed ether with fused calcium 
chloride over night. Decant the ether through a folded filter into 
another flask and add, thin slices of sodium. Warm gently on a 
steam bath under a reflux condenser until the evolution of gas 
by action of the sodium has practically ceased and bits of freshly 
cut sodium remain bright in the ether. Distil the ether into a 
dry bottle and add an excess (at least three grams per liter) of 
finely powdered hexabromide of the fatty acids of linseed oil 
previously prepared. If no hexabromide is on hand from previous 
determinations it may be easily prepared as follows: In a cen- 
trifuge tube dissolve about 5 grams of the fatty acids of linseed 
oil in 16 to 20 cc. of chloroform. Place the tube in a freezing 
mixture and add slowly with shaking, bromine solution until a 
slight red color is permanent. Add a few drops of amylene to 
take up excess of bromine. Whirl in a centrifuge until the precipi- 
tate has settled and then pour off the chloroform. R»b up the 
precipitate with 20 cc. of cold absolute ether, whirl in a centrifuge 
and pour off the wash ether. Repeat the washing- with 3 more. 
20 cc. portions of ether. After drying, the hexabromide is pure 
enough for the preparation of wash ether. Shake at intervals 
for two or three hours or allow the mixture to stand over night. 
Then place the bottle in ice water so that the ether solution will 
be at zero or not above 2°C for three hours. Decant the ether so- 
lution rapidly through a folded filter into a dry bottle and keep 
tightly corked in order to prevent loss of ether by evaporation. • 

4. Amylene. — T(iis material may be purchased from the East- 


•The authors have observed that samples of bromine marked “C. P." 
often contain considerable amount** of non-volatile mnterial. All bromine 
which is used must be redistilled unless it is found that 5 arms, leave no 
weighable residue upon evaporation. 

98 ' 



HEXABROMIDE TEST FOR DETERMINING LINSEED OIL PURITY 


man Kodak Company. It is one of the organic chemicals prepared 
in the laboratory of the University of Illinois. It may be pre- 
pared in small quantities from amyl alcohol by the method of 
Adams, Jour. Am. Chem. Soc., 1918, page 1950. 

B. Preparation of the Fatty Acids. 

Weigh approximately 50 grams of linseed oil into a 1^ liter 
Florence flask, and add 40 cc. NaOH solution (sp. gr. 1.4) and 
40 cc. of alcohol. Place the mixture on a steam bath and heat for 
about % hour. Add 1 liter of hot distilled water and insert into 
the neck of the flask a 2-hole rubber stopper carrying a tube which 
projects into the flask so that its end is slightly above the liquid, 
and pass a stream of CO 2 through the tube into the flask. Tiie 
soap mixture may then be heated, to remove the alcohol, either over 
a free flame or on the steam bath. If the free flame is used, a 
capillary “boiler” must be placed in the liquid, since otherwise the 
soap solution will bump badly. If excessive foaming takes place, 
the current of CO 2 should be increased until it is strong enough to 
break up the foam. If the solution is he&ted on the steam bath, 
usually about 2 to 3 hours is required to remove the alcohol, while 
if it is boiled over a free flame, one-half hour is usually sufficient. 
After the alcohol has been removed, cool the soap solution and 
acidify with dilute HCl (1-1). Insert a 3-hole rubber stopper, car- 
rying two glass tubes arranged as for a wash bottle, leaving the 
third hole in the stopper open for an outlet for the CO 2 . The 
inlet tube should extend to just above the layer of fatty acids, and 
the outlet tube should extend to the bottom of the flask. It is es- 
sential that the outlet tube should not extend down more than an 
inch or two outside of the flask, as otherwise siphoning would take 
place, causing the liquid to boil inside the tube. 

Pass a stream of CO 2 through the system, and boil gently, using 
a capillary boiler to prevent bumping, until the layer of fatty 
acids is clear. Plug the hole in the stopper which acts as an out- 
let for the CO 2 . The lower layer will be forced out through tlie 
outlet tube by the pressure of the CO 2 . In this manner remove 
as much water as possible without losing any of the fatty acids, 
then remove the stopper and add about 500 cc. of hot distilled 
water, shake thoroughly so that the fatty acids are well washed, 
allow the fatty acids to separate and siphon off the wash water as 
> before. Repeat the washing until the wash water does not give an 
acid reaction with methyl orange. Before removing the last wash- 
ing, insert a capillary boiler and boil gently until the fatty acid 
layer is clear. After the last washing, remove the stopper and 
suck up with a pipette the last few globules of water. Filter the 
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hot fatty acids through a folded filter under an evacuated bell 
jar and keep in a well stoppered bottle. 

C. Preparation of Hexahromides. 

Weigh accurately in a weighed centrifuge tube (approxi- 
mately 6% inches long by 1 inch in diameter) 1.00 gram (plus 
or minus 0.05 gram) of linseed fatty acids, prepared as given 
above. Dissolve in 10 cc. of chloroform and place the tube in a 
freezing mixture kept as near — B^C as possible, made by adding 
a little dilute hydrochloric acid to finely cracked ice. Add bromine 
solution from a burette at the rate of one or two drops per sec- 
ond, shaking the tube well during the addition. At first the bro- 
mine color will be rapidly discharged, but later the mixture will 
assume a permanent orange color indicating a slight excess of 
bromine. For most fatty acids of linseed oil about 1 cc. of the 
bromine solution will be found necessary to give the orange color. 
At this point run in rapidly 0.5 cc. more of the bromine solution, 
shake well, and allow the tube to stand in the ice mixture for ten 
minutes. Remove the tube from the freezing bath and add amy- 
lene drop by drop with shaking until the bromine color has en- 
tirely disappeared. Usually five to six drops of amylene are suf- 
ficient, but a slight excess does no harm. The addition of bro- 
mine solution must never be done in direct sunlight. 

Attach the tube to a good water vacuum pump (one which v/ill 
indicate a pressure not greater than 40 mm. of mercury) by means 
of a new one-hole rubber stopper. Evaporate the chloroform in a 
vacuum, warming the tube in water at 50 to 60 °C to hasten evap- 
oration. The tube must be constantly shaken to prevent bumping 
of the chloroform. Towards the end of the evaporation, when the 
contents of the tube become more viscous, rotate and tilt the tube 
so that the oil will flow about half way up the sides and thus pre- 
sent more surface for evaporation. When practically all the chlo- 
roform has been evaporated, place the tube in a bath at 55 to 60 “C 
for fifteen minutes, keeping the suction on. 

Detach from the pump and place the tube in a bath of finely 
cracked ice and water. When the tube is cold pour down its .sides 
20 cc. of cold wash ether, as prepared above. The wash ether 
should have been previously placed in four corked test tubes grad- 
uated at 20 cc. by a file mark and kept at O'^C in an ice bath. 
Thoroughly stir and rub up the bromide mixture with a rod, break- 
ing up all the rumps. Return the tube to the ice bath for two 
minutes and then whirl in a centrifuge until the precipitate has 
settled into a hard cake and the supernatant liquid is clear. Re- 
turn the tube to tile ice bath for two minutes and then pour off 
the wash ether, making sure that no solid material is lost. Repeat 
th^ washing of the hexabromide^ precipitate three times in exactly 
the same way, using three 20 cc. portions of ice-cold wash ether 
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and rubbing up the precipitate thoroughly each time. Use a 
weighed stirring rod and wash the precipitate adhering to the rod 
into the tube with the wash ether at each washing of the hexabro- 
mide. Afterwards dry and weigh the rod plus the slight coating 
of precipitate and add the weight of material on the rod to the 
weight of the main portion of hexabromide. After the fourth 
ether washing has been poured off, carefully incline and tap the 
tube and spread the hexabromide precipitate part way up the 
sides. Warm the tube in water at 50 to 60 °C until most of the 
ether has evaporated. Attach to the suction pump and place the 
tube in a bath at 60 to TO^’C for fifteen minutes. Detach the tube 
from the pump, cool in cold water to room temperature, wipe dry 
with a towel and weigh at once. Dry the tube to constant weight 
in an oven at 100-110 °C. The total weight of the precipitate times 
100 divided by the weight of fatty acids taken, gives the hexabro- 
mide percentage. The hexabromide should dry pure white. 

Special Precautions: 

1. Have the chloroform dry and adjust its alcohol content to 

three per cent. * 

2. Make sure that all the chloroform is evaporated from the im- 
pure hexabromide before adding wash ether. This will be accom- 
plished if the water pump indicates a pressure not greater than 
30-40 mm. and the tube is heated in the bath at 60®C for two- 
thirds of its length. 

3. Make sure that the wash ether is anhydrous and free from 
alcohol and that it is saturated with hexabromide at 0'"C. Unless 
the wash ether is allowed to stand at 0®C for a sufficient length 
of time before filtering off excess hexabromide, it will be super- 
saturated at 0®C and will give high results. Care should be taken 
to prevent appreciable loss of ether by evaporation; it is well to 
cool the stock bottle of wash ether on hot days before uncorking. 

4. Make sure that the centrifuge tube containing hexabromide 
and the wash ether are kept as near O^C as possible during the 
process of washing. The finely cracked ice should be replenished 
0t intervals. 

6. It has been found that low and non-concordant hexabromide 
results on pure linseed oil by the new method can nearly always 
be traced to the use of a faulty vacuum pump or to faulty rubber 
connections. Therefore, the operator should convince himself by 
test with a mercury manometer immediately before making the 
determination that his pump, as used, will giv^a vacuum of not 
greater than 30 mm. mercury. Heavy walled pressure tubing 
should always be used for connections. A faulty pump or faulty 
rubber connections usually means that the chloroform is not all 
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evaporated from the impure hexabromide and will exert a solvent 
action on the hexabromide later on, thus giving low yields. 

6. If a Nelson rotary oil pump is available, it is an excellent 
plan to remove the last traces of chloroform by attaching the 
centrifuge tube to this type of pump for 16 minutes. The bulk 
of the solvent should be removed first by means of the water pump. 

7. With either pump the tube should be heated in a bath of 
60-66 ®C., during the evaporation of the last traces of chloroform. 

BAILEY’S MODIFICATION OF STEELE AND WASHBURN 
METHOD 

Hexabromide Number 

References: 

The literature on the determination of hexabromide 
numbers is not very extensive. The following are the re- 
cent references of value : 

Chem. Tech, and Anal, of Oils, Fats & Waxes, by 
Lewkowitscl\; 6th Ed., Vol. I, p. 568. 

Farben Zeitung (1912) No. 3 ff. 

Muggenthaler, Inaug. Dissert. 1912, Augsburg. 
Bailey and Johnson, J. I. E. C. 10, 999,. 

Principle: 

The unsaturated fatty acids when treated under proper 
conditions with bromine absorb at each unsaturated link- 
age two or more atoms of bromine depending on the de- 
gree of unsaturation. Thus at a double bond — C=C— 
there is obtained a saturated bromo product — C — C — 

ir Br 

and at a triple bond — C=C — four bromine atoms are 

Br Br ‘ 

I I 

absorbed to give a saturated compound — C — C — . The 

I ! 

Br Br 

solubility in ether of the bromo derivatives decreases rap- 
idly with incr^ise of bromine content. Thus the di and 
tetra bromo compounds are easily soluble,, wher.^as the 
hexa (and octo) compound^ are only very sparingly sol- 
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uble. This fact is made use of to separate the he/ra (and 
octo) bromo derivatives in carrying out the analytical 
determination. 

Status: 

The following method is applicable to the determina- 
tion of the hexabromide number of saponifiable oils. It 
must be remembered that the hexabromide number de- 
pends upon the method employed in making the determi- 
nation. It is, therefore, important that in reporting re- 
sults, the particular method must be specified. 

Reagents and Apparatus: 

K^a) Reagents: 

(1) C. P. sodium hydroxide solution of 1.4 sp. pr. 

(2) 95% alcohol. 

(3) Distilled water. 

(4) C. P. hydrochloric acid. r 

(5) CO 2 or nitrogen. 

(6) C. P. bromine containing no non-volatile matter. 

(7) Glacial acetic acid showing no reduction with dichromate or 
permanganate in the usual test. 

(8) Wash ether. 

Shake ordinary ethyl ether with 10% of its volume of 
ice-cold distilled water. Separate the water and repeat 
the washing three times. Dry the washed ether with 
fused calcium chloride over night. Decant the ether 
through a folded filter into another fiask and add thin 
slices of sodium. Warm gently on a steam bath under a 
reflux condenser until the evolution cf gas by action of 
the sodium has practically ceased and bits of freshly cut 
sodium remain bright in the ether. Distill the ether into 
a iry bottle and add an excess (at least 3 grams per liter) 
of finely powdered hexabromide of the fatty acids of lin- 
seed oil previously prepared. (If no hexabromide is on 
hand from previous determinations, it may be prepared 
a'fe follows: In a centrifuge tube dissoh^ about five 
grams of the fatty acids of linseed oil in 2b cubi'.i centi- 
meters of ether. Place the tube in a freezing mixture and 
add slowly with shaking bromine solution until a red 
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evaporated from the impure hexabromide and will exert a solvent 
action on the hexabromide later on, thus giving low yields. 

6. If a Nelson rotary oil pump is available, it is an excellent 
plan to remove the last traces of chloroform by attaching the 
centrifuge tube to this type of pump for 16 minutes. The bulk 
of the solvent should be removed first by means of the water pump. 

7. With either pump the tube should be heated in a bath of 
60-66 ®C., during the evaporation of the last traces of chloroform. 

BAILEY’S MODIFICATION OF STEELE AND WASHBURN 
METHOD 

Hexabromide Number 

References: 

The literature on the determination of hexabromide 
numbers is not very extensive. The following are the re- 
cent references of value : 

Chem. Tech, and Anal, of Oils, Fats & Waxes, by 
Lewkowitscl\; 6th Ed., Vol. I, p. 568. 

Farben Zeitung (1912) No. 3 ff. 

Muggenthaler, Inaug. Dissert. 1912, Augsburg. 
Bailey and Johnson, J. I. E. C. 10, 999,. 

Principle: 

The unsaturated fatty acids when treated under proper 
conditions with bromine absorb at each unsaturated link- 
age two or more atoms of bromine depending on the de- 
gree of unsaturation. Thus at a double bond — C=C— 
there is obtained a saturated bromo product — C — C — 

ir Br 

and at a triple bond — C=C — four bromine atoms are 

Br Br ‘ 

I I 

absorbed to give a saturated compound — C — C — . The 

I ! 

Br Br 

solubility in ether of the bromo derivatives decreases rap- 
idly with incr^ise of bromine content. Thus the di and 
tetra bromo compounds are easily soluble,, wher.^as the 
hexa (and octo) compound^ are only very sparingly sol- 
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5 cts into the flask so that its end is just above the liquid, 
[eat for about one-half hour, passing a stream of CO. 
[irough the apparatus all the while. Add one liter of hot 
istilled water and boil the soap solution to remove the 
Icohol, either over a free flame or on a steam bath. If 
free flame is used about one-half hour's boiling will be 
ufficient, but it may be necessary to insert capillary 
ubes to prevent bumping of the liquid. If the solution is 
eated on the steam bath, usually 2 to 3 hours are re- 
uired. After removing the alcohol, the solution is cooled 
omewhat and then acidified with dilute HCl (1:1). 
^arm the mixture until the fatty acids form a clear layer, 
ontinuing to pass CO^, through the system all the time, 
'he fatty acids are separated from the aqueous layer by 
leans of a 500 cc. separatory funnel. The funnel is filled 
nth the mixture, and the fatty acids will float on top. 
nd the aqueous portion is run off. The remainder of the 
lixture in the flask is added to tlie funnel and the 
queous portion again run off. A brisk stream of CO. 

5 passed intp the funnel to replace the air. 300 cc. of 
lot distilled water is added and the mixture is vig- 
rously shaken. After the fatty acids collect on top 
:,he aqueous portion is run off. This washing is repeated 
intil the water is neutral to methyl orange, three wash- 
ings usually being sufficient. The warm fatty acids are 
run into a centrifuge tube (V x 5") and whirled for 
about one minute to collect any remaining water at the 
bottom. They are then filtered by decantation on to a 
folded filter under an evacuated bell jar and kept in a 
well-stoppered bottle. 

(b) Preparation of the hexabromides: 

Weigh accurately in a weighed centrifuge tube (!*' 
diam. x 5'' long) as nearly as possible one gram of fatty 
acids. It was found that in the case of linseed oil better 
results are obtained by keeping the weight ^of the sample 
as near to one gram as possible, so the deviations from 
this should not be more than plus or minus 0.02 gram. 
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Dissolve the fatty acids in 25 cc. of the specially prepared 
ether and place the tube in a freezing mixture kept at 
about — ST. made by adding a little HCl to finely 
cracked ice. Add bromine solution* from a burette at 
the rate of about one or two drops per second, shaking 
the tube well during the addition until a deep red color is 
produced. This should not be done in direct sunlight. 
The tube is then allowed to stand in an ice chest over 
night (about 14 hrs.) , the proper precautions being taken 
to prevent the loss of solvent by evaporation by inserting 
a stopper. 

It is necessary to let the tube stand for this period of 
time because in the case of oils which contain only a 
small amount of linolenic acid (soya bean oil is a good 
example) the precipitation of the hexabromide proceeds 
more slowly than in the case of an oil with a larger con- 
tent of linolenic aeid (linseed for example). 

Next morning cool the tube by immersion in a bath of 
cracked ice and rub up the precipitate by means of a 
weighed glass rod, being sure to loosen any material 
adhering to the side of the tube. Whirl the tube in a cen- 
trifuge till the precipitate forms a hard cake on the 
bottom, cool in the ice bath, and decant the ether. Add 
20 cc. of the wash ether previously prepared and cooled 
to OT. and rub up the precipitate with the glass rod. 
Return the tube to the ice bath and when cold whirl it 
in the centrifuge. Return the tube to the ice bath and 
then remove the ether by de^ntation. Repeat this wail- 
ing twice more. After the last washing incline the tube 
and carefully tap it to spread the hexabromide precipitate 
part of the way up the sides. Warm the tube in water- at 
GOT. until most of the ether has evaporated, then attach 
it for 16 minutes to a vacuum line showing a pressure of 
30-40 mm. Iceeping the temperature around GOT. Wipe 
the tube dry and allow it to stand in the balance at least 
16 minutes .feore weighing. To the weight of the pre- 
cipitate in the tube add the weight of the slight amount 

*6 oc. bromine^ 26 cc. glacial acetic acid made up juet before use. 
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adhering* to the griass rod. This total weight of precipi- 
tate multiplied by 100 and divided by the weight of fatty 
acids taken, gives the hexabromide percentage. 

Notes: 

(1) The fatty acids are used instead of the glyceryl 
esters because the latter give inconcordant results. 

(2) In the case of linseed oil, the weight of the 
sample should be kept as near one gram as possible. 

(3) Care should be exercised in preparing the wash 
ether for if it is unsaturated with hexabromides accord- 
ing to directions, the results will be low. 

The results of the various observers are given in the 
table below : 


TABLE 37 
Hexabromide Values 


Oils. 


Steele- 

Washburn Method, 


g^iiiy— 
Modifica- 
tion of 

Gardner and 
Bielouss. 

<v 

1 

m 

<p 

E 

CO 

o 

White and 
Crowley. 

0) 

E 

n 

P. and J. 
AValdstein. 

Maximum. 

Minimum. 

Average. 

Steele- 

Washburn 

Method. 

V 

ba 

i 1 i 

5 s ^ 

KMi per cent I’ui'e liaw Linseed Oil 

45.9 

40.4 

1 

1 

146.6145.4 

1 

46.0 

46.2 

I 46.6 

1 

46.4 

46.1 

40.6 

42.7 

41.6 

So per cent Ture Raw Linseed Oil 








1 








39.3 


41.8 

39.1 

41.9 

39.8 

41.9 

39.1 

40.4 

34.9 

37.5 

36.2 

lo per cent Soya Bean Oil 














75 per cent Pure Raw Linseed Oil 
















36.4 

38.4 

38.2 

36.0 

j37.2 

36.1 

38.4 

36.0 

37.0 

31.6 

34 .B 

33.0 

2» per cent Soya Bean Oil 










1 




65 per cdnt Pure Raw Linseed Oil 






1 




1 

1 

t 





130.8 

33.4 

34.8 

30.6 

33.8 

33.5 

34.^ 

30.5 

32.8 
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Comments made by the various observers are abstracted 
herewith : 

S. and P. Waldstein state that when a large percentage of soya 
bean oil is present in an oil there is formed a large percentage of 
tetrabromide which may not be completely washed out. They recom- 
mend in such instances to increase the portions of ether to 25 or 
30 cc. or to increase the number of washings to 6 or 6 in order to 
overcome high results. 

The chairman of the sub-committee has done some experimental 
work with the idea of developing a method of determining the hexa- 
bromide value of oils volumetrically. It was found that the bro- 
mine absorption number of the fatty acids of linseed oil were higher 
than for soya bean oil in some preliminary volumetric work. It 
known that the bromine substitution number of linseed oil fatty 
acids is low while the fatty acids of soya bean oil have a low ad- 
dition number. Considerable further work, however, will be neces- 
sary in order to develop a method that will be satisfactory. 

Conclusions . — rhe Steele-Washburn method of deter- 
mining hexabromides has given closely concordant re- 
sults in the hands of several different operators, and is 
apparently well adapted for determining the purity of 
raw linseed oil. It is recommended that further work 
be carried on with the object of shortening the method. 

Addenda 

Through the kindness of Mr. Herbert S. Bailey and Mr. 
Baldsiefen of the Experimental Station, E. I. du Pont de 
Nemours & Co., there are presented herewith two tables 
showing the iodine and hexabromide numbers of raw and 
treated linseed oils, and of soya bean oil, tung oil, and 
various mixtures thereof. It is believed that the data 
presented in these tables will be of great service to the 
paint chemist who intends to carry on hexabromide work. 
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HEXABROMIDE TEST FOR DETERMINING LINSEED OIL PURITY 

TABLE 38. 

Iodine and Hexabromide Numbers of Raw and Treated Linseed Oils 

OL 

No. 



Substance 


Iodine No. 

Hanus 

Hexabromide No. 
Steele Method 

Hexabromide No. 
Bailey Method 








r>y A. 

By 1^. 

By A. 

553 

Linseed 

oi 

from North American 

seed 

176.2 

42.0 

43.3 

42.6 

553 

« 


a 

tt tt 

tt 


45.6 

41.3 

41.9 

553 

it 


tt 

tt tt 

tt 


46.3 

45.1 


553 

** 

(£ 

tt 

It tt 

tt 


46.5 

43.8 


553 

tt 


<£ 

tt tt 

tt 


46.3 

45.5 


553 



tt 

tt tt 

tt 


43.6 

44.4 


553 



tt 

tt tt 

tt 


39.2 



553 



tt 

tt tt 

tt 


39.1 



565 

Linseed 

oi] 

, commercial refined 


176.5 

44.0 



563 

** 



raw 


185.(P 

43.6 

40.0 


563 

** 






43.8 



563 




44 44 


• 

40.5 



574 

Linseed 

oil 

(Bu. 

of Stds. sample). 


183.0 

47.6 

47.5 


574 




tt tt tt 



49.6 

45.2 


574 

n 


ti 

it tt tt 



47.1 

47.3 


574 

tl 


£4 

tt tt tt 



46.9 



574 

tt 

tt 

44 

tt tt tt 



46.2 



574 



44 

tt tt tt 



45.7 



535 

Linseed 

oil 

Ext’ 

d from Argentine 

seed 

189.8 

50.0 

49.7 


535 


tt 

“ 

tt ti 

“ 



50.8 


535 


tt 


tt tt 

tt 



50.7 


641 

OL 553 

+ 

5% 

(1) tung oil drier 


166.8 


45.2 

42.6 

641 

tt tt 


tt 

tt tt ft 




45.9 

41.1 

642 

tt tt 

+ 

10% 

tt tt it 


161.5 


44.4 

41.0 

642 

tt tt 


tt 

tt tt tt 




44.1 

40.9 

643 

tt tt 

+ 

20% 

tt tt tt 


152.5 


41.8 

39.2 

643 

tt tt 



tt tt tt 




42.2 

39.0 

644 

tt tt 

+ 

5% 

grinding japan 


164.8 


39.7 

' 40.8 

644 

tt tt 



tt tt 


1 


39.6 

39.2 

645 

tt tt 

+ 

10% 

tt tt 


158.9 


42.3 

39.9 

645 

tt tt 



tt it 

■ 

1 


41.1 

40.3 

646 

tt tt 

+ 

207c 

tt tt 


147.4 


40.4 

39.9 

646 

tt tt 



tt tt 




39.4 

39.4 

588 

tt tt 

+ 

10% 

(1) linoleate drier 


165.6 

43.6 



588 

tt tt 


tt 

tt tt 



42.7 



689 

tt tt 

+ 

207c 

(1) “ 


169.3 

45.3 



589 

tt * tt 


** 

tt tt 




42# 



589 

tt tt 


tt 

tt tt 




43.6 



583 

tt(2yi 

+ 

0.2% 

manganese drier 


168.6 

32.4 




(1) Added without treating oil. 

. (2) Manganese linoleate boiled in at 250® C. 
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TABLE 39. 

Iodine and Hexabromide Numbers of Soya Bean, Tung and Linseed-Soya 
Bean Mixtures 


OJ.. 

No. Substance 


0) c 

C eS 


6 



51 CO 


oS 


ECO 





By A. 

By B. 

By B. 

583 

OL 663 + 0.2Vf manganese drier . 


34.7 



584 

“ “ 4- 0.06% 

171.0 

32.6 



584 

it n « n tt 


33.2 



561 

Linseed oil, commercial 

173.8 

41.8 


42.6 

561 

** ** boiled 




41.9 

359 

“ ** heavy bodied 

80.8 

11.8 



310 

( Soya bean oil, raw. 

133.2 

5.1 

6.5 

4.2 

310 

tt u ii a 


6.1 


49 

310 

j u u u u 


6.3 ' 


3.6 

565 

i Soya bean oil, rav^ commercial 

133.2 

1.5 



565 

; it ti ii a <{ 


5.0 


i 

658 

1 Soya bean oil, cold pressed 



8.41 

7.27 

668 

1 it ti it it it 



9.38 

7.54 

659 

i Soya bean oil, cold pressed 



5.95 

5.35 

659 

I it it it ii it 



5.76 

5.65 

670 

Soya bean oil, extracted 



3.9 


622 

Tung oil 



0.0 

0.0 

672 

50% OL 553 + 60% OL 310 . . 


26.0 

23.0 


672 

ti it it it it it 



23.6 


672i< 

60% OL 563 + 60% OL 670 . 



24.3 

23.3 

672 

it it it it it ii 



24.6 

' 24.3 

i 


no- 





CHAPTER IX 


A Method for Determining the Acid Values of 
Varnishes and Boiled Oils 

The acid values of oils or varnishes that are prac- 
tically non-colloidal (such, for instance, as raw linseed 
oil or a spirit varnish made by dissolving a resin such as 
rosin in benzol) may be determined by the usual pro- 
cedure of boiling the product with alcohol and titrating 
with a dilute alkali in the presence of an indicator such 
as phenolphthalein. 

When an oil has been bodied by heat or by blowing, 
or when a resin has been fused into an oil, products of a 
colloidal nature are formed. The acid numbers of these 
products cannot be satisfactorily determined by the or- 
dinary methods now in use, as described above for non- 
colloidal oils or varnishes. It has been found, however, 
that true determinations may be obtained by using a 
mixture of alcohol and benzol. The action of the benzol 
is to break down the colloidal condition in which the acids 
may be occluded, and form a true solution in which the 
acids are readily soluble. The chemical explanation of 
the reaction is presented in this paper. The method for 
determination of acid value is described below. 

Method for Making? Determination 

BenzoUAlcohol Mixture, — Purified 90° benzol is pre- 
ferable. Denatured alcohol may be used. It must, how- 
ler, be free from phenol or other materials which would 
give it a high acid value. Equal parts by volume of the 
alcohol and benzol constitute the mixture. This mixture 
should be neutralized with dilute alkali. 

Procedure, — One to two grams of the ^sample of oil 
or varnish to be examined is weighed into a 200 cc Erlen- 
meyer flask. 40 cc of the neutralized benzol-alcohol mix- 
ture is added. The flask is placed in a water bath and 
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attached to a reflux condenser. The mixture is allowed 
to boil 30 minutes and then cooled to room temperature. 
Four drops of standard phenolphthalein solution are 
added and the mixture titrated with standard N/10 
NaOH and KOH solution. The acid number is then cal- 
culated in the ordinary manner (the number of milli- 
grams of KOH required to neutralize the free fatty acid 
in one gram of oil.) 

Remarks , — The sharpest end point is obtained when 
a permanent pink tinge is apparent rather than a dark 
pink color. As the titration progresses, the mixture 
tends to become cloudy due to the presence of the water 
in the standard solution. As the end point is ap- 
proached, there is generally a noticeable change of color, 
the solution becoming more or less darkened just before 
the end point is peached. If during titration there is 
uncertainty as to whether the end point has been reached, 
the mixture should be allowed to remain quiet for a 
minute or two. There will then be a separation in which 
the oil and solvent will come to the top. The water will 
remain below. The upper solvent layer will then clear. 
A very faint pink color may be detected if present. 

Explanation and Theory of Tests 

Almost all varnishes and bodied oils are colloidal, 
that is, they are in the colloidal state. This being so 
with all but a very few exceptions, necessitates that con- 
si^ration be given to the laws operating in a material in 
this state, when determining certain of its chemical pro- 
perties and factors. This is especially true in determin- 
ing the acid number of a bodied oil or varnish. 

In determining the acid number in the ordinary man- 
ner, (by heating several grams of the oil with neutralized 
alcohol for ^ short time, cooling, and then titrating the 
mixture with standard KOH or NaOH solution, using 
phenolphthalein as an indicator) it is often very difficult 
to get a definite end point or check results. With col- 
loidal varnishes and oils, ^hen following the standard 
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procedure, the first pink color that appears is fugitive, 
disappearing almost at once. Subsequent additions of 
the caustic solution cause slightly increased permanency 
of the pink color. This color even with the addition of 
a considerable amount of caustic solution, remains only 
a very short time, rarely more than from two to five 
minutes. This indefinite end point leads to varying and 
inaccurate results. If the first appearance of the pirk 
color is taken as the end point, the acid number will be 
low, as an insufficient amount of solution has been added 
to neutralize all the free acid existing in the oil or var- 
nish. If a sufficient quantity of solution is added to 
cause a more stable end point, the results will be high. 
Due to accompanying reactions, the amount of alkali re- 
quired to accomplish this, is greater than the amount 
required to neutralize all the free acid. Therefore the 
amount of caustic solution required to accomplish the 
end point is no indication of the amount of alkali re- 
quired to neutralize all the free fatty acid in the ma- 
terial. 

The condition described above does not apply to non- 
colloidal oils or varnishes. In determining the acid num- 
ber of these by the standard method, the end point is 
sharp and definite and the pink color remains for a con- 
siderable length of time, generally from 20 to 45 minutes. 
The sharp, definite end points obtained with non-colloidal 
oils and varnishes indicate that the reactions proceed in 
a normal manner. On the other hand, the indefinite end 
points and inaccurate results obtained with oils and var- 
ni|}ies of colloidal condition indicate that the reactions 
do not occur in a normal or definite manner. 

The principle of the acid number determination is 
first the solution (molecular) of the free acid in the al- 
cohol or other solvent and second the neutralization of 
tfiis a(5d by com'bination with the alkali. ^ These reac- 
tions must proceed normally in order to secure definite 
and accurate results. All of the free fatty acid must be 
dissolved by the solvent and the neutralization must be 
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allowed to occur in accordance with the law of mass 
action governing reactions of this nature^ 

With colloidal oils and varnishes, conditions are often 
present which prevent the solution of all of the free acid 
by the alcohol. Further, as the law of mass action is 
not operative when a colloidal condition is present, the 
combination does not occur in a normal manner. When 
a colloidal condition is present, there is also the possi- 
bility of physical reactions between the alkali and the 
colloidal bodies instead of its combination with the free 
acid. In view of this it is apparent that the effect of 
the colloidal condition of an oil or varnish must be given 
consideration in adapting a method for acid number de- 
termination. An extensive investigation of this subject 
indicates that the following conditions are probably 
present. , 

Occlusion of Acids , — prominent characteristic of 
colloidal^ solutions is the property of the disperse phase 
to occlude within it a portion of the disperse means. As 
the free acids are generally part of the means, it is prob- 
able that a portion of them are occluded by the phase, 
and are not dissolved by the alcohol. The extraction of 
these occluded acids and their subsequent solution can 
sometimes be effected by continued boiling or by suc- 
cessive boilings, titrating after each boiling. This 
method is, however, only successful when the oil or var- 
nish is only slightly colloidal. With those that are highly 
colloidal this procedure does not give accurate results, as 
all of the acid is not extracted and dissolved in the al- 
cohol. 

Effect of Chemical Equilibrium , — The presence of a 
colloidal condition prevents the operation of the law of 
mass action and tends to establish a chemical equilibrium 
which prevents the complete combination of the acid arid 
alkali. Such an equilibrium would allow the existence 
of both free acid and alkfili in the mixture without their 
combination. It is probable that the uncertainty of the 
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results and the indelMte ^nd point is due to some extent 
to such an equilibrium. 

Absorption of the Alkali , — The disperse phase of 
colloidal oils and varnishes has the property of readily 
absorbing alkaline bases. In this manner the alkali can 
be taken up and occluded within the oil or varnish with- 
out at once combining with the free acid. When this 
occurs the alkali cannot indicate its presence by reaction 
with the indicator and consequently the pink color is 
discharged. That this reaction generally occurs with 
colloidal oils and varnishes is indicated by the fact that a 
quantity of the alkaline solution, considerably in excess 
of the amount required to neutralize the free acid, can 
be added without causing a stable pink color. This fact 
has also been substantiated by investigations of the visco- 
sity increase of oils and varnishes with the addition of 
alkaline solutions and the treatment of these materials 
with alkali. 

It is apparent from the foregoing that the presence 
of a colloidal condition prevents the combination of the 
free acid and alkali in a normal manner and causes indefi- 
nite and inaccurate results. It also follows that definite 
results can only be obtained when this condition is elimi- 
nated and the material brought to the condition of a 
molecular or true solution. 

With slightly colloidal oils and varnishes, the col- 
loidal condition can be broken down and the occluded 
acids dissolved, by repeated boilings, to an extent suflft- 
cient to give fairly satisfactory results. The most satis- 
factory method for this accomplishment is, however, by 
the use of a solvent in which the colloidal oil or varnish 
forms a true solution and in which the caustic solution 
is also soluble. When this condition obtains, the col- 
loidal condition is eliminated, the occluded free acids be- 
come dissolved in the solvent and the forfnation of an 
equilibrium by the colloidal condition is prevented. The 
combination of the acid and alkali is then allowed to 
proceed in a normal manner. 
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Benzol as the solvent for the above purpose fulfills 
the necessary requirements. Practically all colloidal oils 
and varnishes either form a molecular (true) solution 
with it, or the colloidal condition is reduced to an extent 
or a state where its presence has no effect on the results. 
It is not, however, suitable for use alone as the aqueous 
solution of alkali is not soluble in it and a condition is 
caused, which is equally as bad as the presence of the 
colloidal condition. A mixture of one-half each of benzol 
and alcohol has been found very satisfactory for the pur- 
pose. With this mixture of solvent, the colloidal condi- 
tion is destroyed, and the alkaline solution is readily 
soluble in the mixture. 

Experimental Evidence. — The following results on 
three bodied oils varying in their extent of colloidal coji- 
dition will serve to^show the comparison between benzol, 
alcohol, and the benzol-alcohol mixture. 

TABLE 40. 



Benzol 

solvent. 

Alcohol 

solvent. 

Alcohol- 

benzol 

solvent. 

Raw Linseed Oil . . 

1 ^ 

i 

t 8.4 

1 

1 ■ 

Same Oil, slightly polymerized — 
slightly colloidal only.. 

1 

2.1 1 

1 

I 

1 

1 

1 

j 3.6 

Polymerized and oxidized — highly 
colloidal 

9.16 1 

' 13.1 i 

1 

1 - 

1 ■‘16.6 , 


With alcohol the end point was not definite of stable. 
With benzol the end point was indefinite. 

With the benzol-alcohol mixture the end point was 


sharp and definite. 


116 



METHOD FOR DETERMINING ACID VALUES OF VARNISHES, ETC. 

Below is shown a comparison of the acid values ob- 
tained with alcohol and with the benzol-alcohol mixture 
on a tung oil-rosin mixture at various stages of the 
bodying. The mixture contained 20% of rosin that had 
not been treated in any manner. The rosin was melted 
in the oil and the mixture heated at 450“ F. for the time 
noted. 


TABLE 41. 


Time of cooking. 

Acid value in 
-dcohol. 

Acid value in 
alcohol-benzol 
mixture. 

Melted 

1 36.2 

36.4 

At 450° F 

1 35.7 

36.4 

“ “ 15 minutes 

1 34.9 

35.6 

“ “ 30 minutes . 

i 33.4 

36.4 

“ “ 45 minutes . . 

! 82.9 

34 8 

“ 60 minutes . 

1 29.4 

36.2 

“ “ 75 minutes 

1 12J9 

31.6 


The low acid values on the high heats, when alcohol 
was used for the determination of acid value, explain the 
general belief among varnish chemists that heating wood 
oil varnishes always lowers the acid value. The results 
with the alcohol-benzol mixture show that such a pheno- 
menon does not necessarily take place. 
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The table below shows the effect of the different sol- 
vents and the time of boiling with a slightly colloidal oil 
and an oil of high colloidal condition. 

‘'A'' Polymerized Linseed Oil Slightly heat treated. 
Low colloidal viscosity. Only slightly colloidal. 

B Blown Linseed Oil. High colloidal viscosity. 

Very colloidal. 


TABLE 42. 


Oil 

Solvent. 

Time of boiling. 

Nature of 
end point. 

Acid 

number. 

“A” 

Alcohol 

To boiling point only 

Slow 

6.37 

“A” 1 

1 

Alcohol-benzol 

mixture 

To boiling point only 

Quick 

6.17 

“A” 

Alcohol 

V 2 hour 

Quick 

6.17 

«B” 

Alcohol 

6 minutes 

Slow. Indef- 
inite 

8 8* 

«B”' 1 

Alcohol <j 

i 

% hour 

Slow. Indef- 
inite 

8.82* 

“B" 1 

1 

Alcohol-benzol 

mixture 

5 minutes 

Quick. Defi- 
nite 

7.3 

“B” 1 

1 

Alcohol-benzol 

mixture 

10 minutes 

Quick. Defi- 
nite 

7.3 

“B” 1 

1 

Alcohol-benzol 

mixture 

^ hour 

Quick. Defi- 
nite 

7.3 


It will be noted that with oil “A'' which was only 
slightly colloidal, a true end point was obtained if* boiled 
for a sufficient length of time, indicating that in this case 
the continued boiling extracts all the acids and that the 
colloidal condition is not sufficient to affect the results. 
It will be further noted that the benzol-alcohol mixture 
eliminated the colloidal condition without the necessity 
of continued boiling. With oil “B,” however, the condi- 
tion was different. With alcohol alone as the solvent, 
continued boiling did not break down the colloidal condi 
tion. There ’was practically no difference in the numbei 
-between the five-minnte and the half-hour boiling. In 

•Sufficient caustic solution added to make a fairly stable end point. 
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each determination an excess of alkali was necessary in 
order to establish a fairly stable end point. With the 
benzol-alcohol mixture the end point was quick and deft, 
nite, occurring with less alkali than with the alcohol 
It will be noted that the acid number was the same ir. 
each determination, regardless of the boiling time. In 
the two determinations made with alcohol the pink coloi 
remained about ten minutes only. In those made witli 
the benzol-alcohol mixture the pink color was still ap* 
parent after standing one hour. 

The concentration of the varnish in the solvent has 
some bearing on the results with the benzol-alcohol mix- 
ture. As it is necessary to have the varnish as near tc 
molecular solution in the solvent as possible, it is import- 
ant that the solution be sufficiently dilute to accomplish 
this. The effect of the degree of concentration is illus- 
trated by the results shown below. 

TABLE 43. 

40 cc of benzol-alcohol mixture used for each test on Bodied 
Linseed Oil 


Wei|?ht of oil. 


Acid number. 

.5362 grams 

! 

15.28 

.5461 

i 

15.48 

.9578 “ 

1 

15.4 

1.7343 

1 

15.08 

3.2005 " 

1 

14.5 

7.7951 “ 

1 

14.2 

7.8153 “ 

1 

14.2 

11.7862 “ 

1 

13.9 
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Further results, presented below, were obtained on a 
sample of flat wall grinding liquid composed of tung oil, 
linseed oil and treated rosin. It was quite highly col- 
loidal. 


TABLE 44. 


Sample. 

Benzol-alcohol 

combination. 

Strength 

alkali. 

Number of 
determina- 
tions. 

Average. 

10 gms.. 

26 cc. 

26 cc. 

N/2 

6 

10.4 

B “ 

25 cc. 

25 cc. 

N/2 

6 

14.5 

1 gm 

25 cc. 

26 cc. 

1 N/10 

1 10 

16.0 

1 ■■ ..| 

45 cc. 

30 cc. 

N/10 j 

1 4 j 

15.5 

1 1 

30 cc. 

20 cc. 

N/10 

1 4 1 

15.7 

1 1 

20 cc. 

30 cc. 

N/10 1 

1 4 1 

16.0 

1 1 

100 cc. 

[ 60 cc. 1 

N/10“| 

6 1 

14.'3 


It is apparent from the results shown that the quan- 
tities often used in standard methods for acid number 
determinations, i. e., 10 grams of oil or varnish to 50 cc 
of solvent is too great to assure accurate results. The 
proportion of one to two grams of the oil or variftsh to 40 
cc of solvent gives best results. With most oils and var- 
nishes two grams to 40 cc of the solvent is satisfactory. 
If, however, the material is very viscous and contains a 
small amount of thinner, approximately one gram could 
be used. With the smaller amount, however, theire is a 
greater opportunity for error in manipulation. 
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The Effect of Moisture on the Drying of Oils and 
Varnishes 

Paint or varnish applied during moist weather often 
shows a more rapid set than when applied during very 
drj'' weather. It would appear, however, that the initial 
speed of drying shown in an atmosphere containing a 
high degree of humidity is followed by a secondary reac- 
tion, during which water is taken up by the partially 
dried film. This would possibly account for the lesser 
resistance of such films to the further action of the 
weather. On the other hand, films dried in moisture- 
free air may lack elasticity, due to the rapid progressive 
oxidation that takes place. These results would point 
toward the presence of a limited amount of moisture in 
the air as a condition affording the best results. It is the 
writer's opinion that an atmospheric humidity of from 
20” to 30” gives the best results in the drying of painc 
and varnish. 

The curious phenomena noted above led the writer to 
conduct a series of drying tests to determine, if possible, 
whether the introduction of different types of drier would 
show any differences in the drying of films in moist 
atmosphere. For the purpose of the test,, a series df 
metals were selected, and made up into driers of the types 
that are ordinarily used in paint and varnish manufac- 
ture. These driers were introduced into raw linseed oil 
in such proportion that there would be present in each 
i?ample 0.2 7^^ of metallic oxide, regardless of the amount 
of drier in various forms added. In no case was the tem- 
perature of the oil brought .to over 100” C. during the 
introduction of the drier. 

The tests were all conducted in a special cabinet which 
was built for the purpose, and which consisted of an inner 
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box of galvanized iron fitted with glass shelves. The box 
was perforated and fitted with flues so as to allow the 
freest possible circulation of air. This inner box was 
surrounded at a distance of about 4 inches by an outer 
wooden box fitted with glass doors. Inside the wooden 
box and just beneath the central flue of the inner box 
was placed an electric hot plate by means of which a 
constant temperature could be maintained. Arrange- 
ments were also included for saturating the air with 
moisture when desired. 



Fig, 2. 

DRYING CABINET USED IN TESTS 


Perfectly clean, dry, glass plates four inches square 
were weighed on an analytical balance to a tenth of a 
milligram. ^ A few drops of one of the oils described above 
was poured on the centre of each plate and flowed evenly 
over its surface, it was flowed to drain for five minutes 
in a nearly vertical position and the edges were then 
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carefully wiped so as to leave a margin of about one-half 
inch all around for convenience in handling. The plates 
were again weighed, the amount of oil noted, and then 
placed flat on the shelves in the cabinet. The amount 
of oil carried by each plate was approximately 0.2 gram. 
The plates were then weighed every twenty-four hours 
for a period of about fourteen days, or until they had 
become fairly constant in weight. 
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Fig. 3. ' 

IjlNOLEATE DRIERS < Moist Cabinet). 
JNp. 18 — Aluminum Linoleate. 
^0.47 — Dead Linoleate. 

No. 23 — Zinc Linoleate. 

No, 41 — Cobalt Linoleate. 
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No. 29 — Aluminum Resinate. 
No. 4 — Lead Resinate. 

No. 22 — Chrdmium Resinate. 
No. 17 — Iron Resinate. 
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TUNG ATE DRIERS (Dry Cabinet). 
No. 44 — Lead Tungate. 

No. 35 — ^Isead Tung* Oleate. 

No. 39 — Lead Mei^adenate. 

No. 42 — Manganese Tung Oleate. 
No. 45 — Aluminum Tung Oleate. 
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Fig. 9. 

BORATE DRIERS (Moist Cabinet). 
No. 24 — Lead Borate. 

No. 16 — Manganese Borate. 
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Days. 

Fig. 10. 


BORATE DRIERS (Dry Cabinet). 
No. 32 — Manganese Borate. 

No. 38 — Lead Borate. 



^ . 6 9 

Days. 

FIfl. 

VARNISHES (Moist Cabinet), 
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3 6 9 

Days. 

Fig. 12. 


VARNISHES (Dry Cabinet). 
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The oil films secured in this manner were extremely 
thin, and it is probable that all of the oil employed was 
subjected to whatever reactions and changes may be 
involved in the process of drying. Had the films been 
, thicker, this would probably not have been the case, as 
the hardening of the surface would have protected the 
underlying layers at least for a considerable time. At 
the conclusion of the tests all of the films were found to 
be thoroughly dry and exhibited resistance to scraping 
with a knife blade. 

A consideration of the results obtained shows that 
in every case there was a very great increase in 
weight during the first twenty-four or forty-eight hours. 
The films dried in moist air almost invariably showed a 
gain in twenty-four hours that was equal to that shown 
by the same filmj in dry air in forty-eight hours. This 
gain was followed by a decrease, in some cases amount- 
ing to more than the original gain. Still later, in the 
majority of cases, the weight increased again and a sec- 
ond maximum was reached before the oils settled down 
to constant weight. The formation of .a second maxi- 
mum is particularly noticeable in those cases in which 
drying occurred in a humid atmosphere, it being often 
greater than the first maximum. In dry air the second 
rise is usually slight and sometimes entirely lacking. 
Evidently there is a great deal going on besiaes a simple 
absorption of oxygen. In fact, it has been shbwn hy 
previous experiments* that during the drying of oil 
there is a large evolution of carbon dioxide, Carbon, mon- 
oxide, water and various organic substances. It seems 
fair to suppose that the absorption of oxygen continues 
throughout the whole process of drying, but that during 
the process certain highly perishable compounds are 
formed, ^hile these compounds are decomposing, the 
amount of vapors evolved are much greater than the 
weight of the' oxygen that is taken up. Furthermore, the 

•Paint Researches and Their Practical Application, pp. 218-230. 
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present experiments seem to show that the final harden- 
ing is arrived at more quickly and directly in dry air than 
in an atmosphere saturated with moisture. The very 
marked second rise that occurred in the moist cabinet 
is a very interesting feature. It is lacking in all those 
experiments conducted in a dry atmosphere. The fact 
that it appears in a rudimentary form in some of our 
dry cabinet experiments is probably due to the fact that 
these experiments were made during the summer and 
at a time when there was some humidity in the air. As 
no extreme precautions were taken to desiccate the air 
entering the cabinet, it was of course not perfectly dry. 

There is every reason to believe that in the drying of 
linseed oil a rather complex series of chemical reactions 
take place. It is evident that when a certain stage has 
been reached, beginning at about the . sixth day, the oil 
is in a condition to take up water if it be present in the 
surrounding atmosphere. No vrater seems to be taken 
up during the initial stages of the drying process, as the 
increase in weight is no greater, although more rapid, 
during the first few days in the moist cabinet than it is 
in the dry cabinet. Therefore, partial oxidation must 
be necessary to put the oil in a condition to absorb water. 
Furthermore, it is practically certain that the water taken 
up at this secondary period is chemically combined, as it 
is not given up when a plate is taken from the moist 
cabinet and kept for several consecutive hours in dry air. 

It is quite generally believed at the present time that 
at some stage during the drying of oil the fatty acids 
separate from the glycerine with which they are com- 
bined. If this is true, it is evident that the glycerine 
would require three hydroxyl groups and each fatty acid 
molecule would need one hydrogen atom in order to estab- 
lish themselves as separate entities. Accordingly, each 
molecule of tri-glyceride would take up three molecules 
of water on separating into its component parts. 

(RO) , 4- 3H,0 = C 3 H, (OH) + 3 (ROH) 
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In this equation R represents the acid radical of what- 
ever fatty acid may be present. 

If all of the fatty acid present were linolenic acid the 
increase in weight due to the above reaction would be 
almost exactly 6.2 In the case of fatty acids of lower 
molecular weight the increase would be proportionately 
greater. The above reaction would then account for the 
second rise in the curve. It is known that formic and 
acetic acids, aldehydes and perhaps other volatile com- 
pounds are formed and given off and these can hardly 
come from any other source than the free glycerine. This 
gives a clue to the nature of the second fall in the curves. 
It may be supposed that in the moist cabinet the drying 
of linseed oil proceeds somewhat after this fashion. First 
an absorption of oxygen by the unsaturated fatty acids 
causing a rise in the curve ; then an evolution of carbonic 
acid and perhaps other products which causes the curve 
to fall. When this has gone on for a certain time the 
fatty acids lose their hold on the glycerine and the con- 
sequent taking up of water causes the second rise. 
Finally the decomposition of the glycerine into volatile 
products causes the second fall. 

In the dry cabinet it may be assumed that the libera- 
tion and decomposition of the glycerine take place simul- 
taneously or at least more nearly so. Certainly any vola- 
tile products which are formed would be dissipated ^inore 
rapidly in dry air. As the gain and loss take place at 
the same time they neutralize each other and the second 
increase in weight is therefore lacking. In both the 
moist and dry cabinet the end product is probably the- 
same: an oxidized and altered form of the fatty acids. 
However, it should be pointed out that oil dried in air 
saturated with moisture produces a film that is less 
likely to be ak durable as that prqduced in dry air or ai^ 
with a moderate moisture content. 

. In all of this intricate series pf changes it is supposed 
that the drier — lead, cobalt,* manganese, or whatever it 
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may be — acts as a catalyzer, promoting chemical action, 
yet remaining unchanged itself. A surprising feature 
of the results is the very high apparent efficiency of 
aluminum compounds as driers. Although slow in initial 
effect, they seem to have even greater drying power than 
the corresponding compounds of lead. Further investiga- 
tion of aluminum salts as driers would be indicated. 

The results with linoleate,. resinate, tungate and tung 
oleate do not show sufficient difference to indicate supe- 
riority of any class. As a rule, however, the linoleates 
are preferred for use in paints. As a matter of fact, an 
accurate relation between the oxygen absorption and the 
firmness of a film does not always exist. For this reason 
the efficiency of driers is compared much better through 
the use of the practical methods outlined in Chapter II. 
For the purpose of the investigation jontained in this 
present circular determination of the increase in weight 
of each sample was necessary. 
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CHAPTER XI 

Fume Loss in Boiling Oils 

When oils are heated^ they give off vapors and sub- 
stantial losses are shown; the loss increasing with tem- 
perature and duration of processing. Some experiments 
have just been conducted, which show the fume loss of 
six oils when heated at varying temperatures for different 
periods of time. In the table presented below the 
gravity of the original oil, as well as of the processed oil, 
is given. The table also shows the weight loss as well as 
the volume loss. The tests were conducted in quart size 
open metal pans. *' The surface area exposed, to some ex- 
tent would represent that shown by some types of oil 
boiling kettles. It is possible, however, that in factory 
practice, lower losses would result on account of the 
blanketing effect of foaming and smaller radiation areas. 

In only one instance were irregular results shown. 
This was with sunhower-seed oil, which developed a 
higher loss on heating at 550° for 3 hours than for 4 
hours. These results were shown on repeat determina- 
tions, but will not be reported until further -tests, are 
made. It is probable, however, that in the case of this oil 
the longer period of heating caused sufficient oxygen ab- 
sorption to account for the difference. 

The oils resulting from the above experiments have 
been preserved in large well filled and stoppered contain- 
ers. They will be used to determine the changes in con- 
stants and viscosity. 
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TABLE 45. 



Specitic 

Gravity 

Percentage 
Weight Loss 

Percentage 
Volume Loss 

RAW LINSEED OIL 

.9325 




1. 500°F for 2 hours 

.9408 

2.0 

% 

2.867c 

2. 500 °F for 3 hours 

.9446 

2.7 

% 

3.947c 

3. 500 *^F for 4 hours 

.9477 

2.9 

9c 

4.467c 

4. 550 "F for 2 hours 

.9508 

3.9 

9c 

5.757c 

5. 550"F for 3 hours 

.9610 

6.9 


8.69% 

6. 550 "F for 4 hours 

.9690 

8.6 

Vr 

12.057c 

VARNISH MGERS' “ 





LINSEED OIL 

.9320 

• 



1. 500 °F for 2 hours 

.9405 

1.2 

7c 

2.107c 

2. SOO^F for 3 hours 

.9446 

1.9 

7 

3.22% 

3. 500 “F for 4 hours 

.9482 

2.2 

7r 

3.88% 

4. 550 '’F for 2 hours 

.9502 

2.7 

7c 

4.57% 

5. 550 °F for 3 hours 

.9608 

4.6 

7c 

7.47% 

6. 550 "F for 4 hours 

.9666 ! 

5.4 

7o 

8.79% 

FISH OIL (Menhaden) 

“ .9335 ” 




1. 500 °F for 2 hours 

.9561 

3.73 

9c 

6.00% 






2. 500 °F for 3 hours 

.9630 

4.63 % 

7.65% 

3. 500 °F for 4 hours 

.9671 

6.16 % 

8.46% 

41 550” F for 2 hours 

.9725 

6.78 %.* 

10.51% 

5. 650 ”F for 3 hours 

.9770 

8.04 

7c 

12.14% 

6. 550 ”F for 4 hours 

.9800 

9.16 % 

13.47% 
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TABLE 45 (Continued). 


1 Specific 

1 Gravity 

Peicentage 
Weight Loss 

Percentage 
Volume Loss 

SOY BEAN OIL 

1 .9265 



1. 

600®F for 2 hours 

1 

1 .9312 

2.54% 

3.03% 

2. 

SOO'^F for 3 hours 

[ .9376 

4.167c 

6.28% 

3. 

600“F for 4 hours 

.9391 

[ 4.527c 

5.807c 

4. 

550 “F for 2 hours 

1 .9398 

5.747c 

7.07% 

5. 

560 °F for 3 hours 

1 .9438 

6.767c 

8.47% 

6. 

550° F for 4 hours 

.9498 

8.577c 

10.817c 

ORIENTAL PERILLA 
OIL 

.9360 



1. 

500 °F for 2 hours 

.9476 

3.727c 

4.90% 

2. 

500 °F for 3 hours 

.9502 

3.92% 

5.367c 

3. 

500 °F for 4 hours 

.9560 

4.79% 

6.79% 

4. 

550 “F for 2 hours 

.9592 

6.18% 

8.46% 

6. 

550 “F for 3 hours 

.9720 

7.64% 

10.97% 

6. 

650 °F for 4 hours 

^ .9800 

8.73% 

12.83% 

SUNFLOWER SEED 
OIL 

.9240 

1 


1. 

500 °F for 2 hours 

.9307 

3.78% 

4.48% 

2. 

600 °F for 3 hours 

.9321 

4.69% 

4.63% 

3. 

600 “F for 4 hours 

.9346 

4.04% 

6.12% 

4. 

560 °F for C hours 

1 .9370 

8.92% 

10.19% ' 

6. 

660 °F for 3 hours 

1 .9400 


* 

6. 

560“F for 4 hours | 

: ’ .9430 

9.337o 

11.16% 


• *Higher results obtained than. for four-hour period. 
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Fume Control in the Varnish Industry 

By-Product and Solvent Recovery 

Industrial economies often result from the influence of 
external conditions. For instance, the aromatic pun- 
gency of atmosphere that evidences the presence of an oil 
or gum using industry has been responsible for attempts, 
more or less successful, to “bottle the smell.” The re- 
sulting elimination of objectionable fumes or odors has 
often been accompanied by recovery of useful products. 

Industrial fumes may be of the uneconomic types that 
are condensible through the installation of apparatus and 
processes that do not yield products of sufficient value to 
pay interest charges on the installation and the cost of 
operation. The fumes from smelters and acid factories 
might in some instances be of this type. Again, indus- 
trial fumes may be of the economic type, that may be 
abated with an accompanying yield of by-products of con- 
siderable value. It is believed that the fumes from the 
varnish industry are often of the latter kind. 

As is well known, there are serious fume losses in the 
gums (resins) that are used in the manufacture of var- 
nish. The amount of loss varies from moderate to heavy 
percentages, depending upon the nature of the gums and 
the temperature and duration of the cooking process. 
#Jnfortunately, very little data as to the amount of gum 
loss has been accurately determined or at least made avail- 
able by disclosure of general information to the industry. 
Extensive laboratory and factory investigations are, how- 
ever, under way to accumulate such data.^ Similar but 
comparatively lower losses are shown in the heat treat- 
ment of drying oils. Some tests just conducted by the 
writer presented losses of approximately 2 to 9% on a 
few commonly used oils when heated to several different 
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temperatures that are used in factory practice. (See 
Chapter XL) 

The data on varnish fume loss that is available is usual- 
ly on losses made on blended gums and determined over a 
period of time under general factory conditions for a 
variety of products, or some given type of varnish. The 
usual method of determining the disappearance or loss of 
weight is by difference in the weight of materials used 
and products obtained. The data thus secured is, of 
course, subject to error and may often mask heavy losses 
on expensive gums. Moreover, there may be gains in 
weight through chemical reactions such as oxidation, to 
offset and conceal the total weight of fume loss. For in- 
stance, a very serious fume loss on a high-priced gum may 
be greatly obscured by the undetermined but relatively 
small loss of weight of other components of the formula, 
such as oil and rosin.* In a carefully conducted test made 
in the writer’s laboratory, rosin of H grade was treated 
with 6% of lime at SSO'’ F., then brought up to 525° F. and 
held there for 15 minutes. The fume loss was 6.8% of the 
rosin used. The mere fact, however, that the expensive 
hard fossil gums used in varnishes may in ordinary prac- 
tice lose from 10% to 40% of their weight as a result of 
the heat treatment necessary to render them soluble in 
oil, is enough to indicate to the varnish manufacturer the 
gravity of the situation. 

In order to emphasize how much money loss in gum 
fume may be obscured through determining, the over-all 

♦Rosin shows a comparatively low fume loss as compared to 
resins requiring a high temperature for fusion and oil solution. 
The following example has, for instance, been furnished by a var- 
nish maker as an illustration: If 600 pounds of rosin are treated 
with 30 lb.s. of lime, a total batch of 630 lbs. of material results, 
which, after boiling, yields only 496 lbs. of limed rosin. The actual 
rosin being eliminate as fume would therefore amount to 36 lbs., 
or 7% of the aihount originally used. With 36 lbs. of rosin given 
off as fume, an average of 21 lbs. may be recovered as a primary 
condensate by surface condensation in flues. Other varnish manu- 
facturers have furnished data indicating that good practice shows 
a fume loss on rosin of about 8vc for grades F, G and H; aboui 
9% for crrades M and N; and about 10% for grades WW and WG. 
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loss or difference between total of materials used and 
product obtained, a table is appended of losses as actually 
determined and furnished for this report by one well- 
known varnish maker of high standing. The type for- 
mulas given in the appended table are selected to cover a 
wide range of varnishes' and to emphasize the fact that 
the over-all figure of loss conceals very large losses of 
gum as fume. From the appended formula and factory 
practice it will be noted that the over-all loss runs from 
12'^ to 20% but that the actual gum loss may run from 
30% to 42% of the amount used in the varnish. These 
figures are all on losses shown by the varnsh bases pre- 
vious to thinning with turpentine or other thinners. 

TABLE 46. 

Gum Loss or Disappearance in Kettle 

Over-all loss Loss of gum 
by wdght used by weight 


Long Oil Kauri Varnish 12.4% 30% 

Short Oil Kauri Varnish 20.0% 34% 

Long Oil M Varnish* 16.0 40 

Short Oil M Varnish 20.0 42 


The proportions contributed to the fume loss by the oil 
and by the gum are indicated by the following data. 

TABLE 47. 

Showing the Proportion by Weight of Oil and of Gum in the Fume 
Losses 


Oil Gum 

Long Oil Kauri Varnish 33 1/3% 66 2/3% 

Short Oil Kauri Varnish 11.5% 88.6% 

Long Oil M Varnish 27.3 72.7 

f Short Oil M Varnish 12.5 87.5 


Of these losses it is shown that the gum loss is greater 
in weight. The monetary value of the gum losses would 
show even more startling figures, 

♦Based largely upon Manila. 
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TABLE 48. 

Showing the Proportion by Money Value of Oil and of Gum in the 
Fume Losses 


Oil Gum 

Long Oil Kauri Varnish. 15% 85% 

Short Oil Kauri Varnish 5.4% 94.6% 

Long Oil M Varnish 24.7 75.3 

Short Oil M Varnish 11. 89. 


Having thus indicated the percentage of ‘‘over-air' loss, 
the higher percentage of gum loss, the proportions of gum 
and oil in the fume loss, and the comparative economic 
values thereof, the next question of importance is the 
specific money loss per kettle batch. 

A varnish factory averages on treated oil 2 batches 
per day and on untreated gums 1% batches per day. A 
yearly average of 250 days is a conservative allowance 
for activity. On such a basis an average output per kettle 
would be about 400 batches. The equivalent of a varnish 
kettle running continuously on one of these type varnishes 
would thus indicate a yearly fume loss on gum and oil 
equivalent in money to the cost of the products lost. 
It should, however, be pointed out that even entire re- 
covery of fumes would not necessarily mean recovery of 
the original value of the products from which they were 
derived. This is due to the fact that oil and gum fumes 
recovered as condensates by any system are of different 
composition than the materials of their origin and of 
much less money value. Nevertheless the above charts 
show the importance of fume recovery, tiind it is quite 
possible that certain products might be fractionated from 
condensed gum fumes, that would have an even greater 
money value than the original gums. 

The recovery of such portions of turpentine or other 
liquids used as thinners, as may become volatile during 
the thinning'process, is a matter of growing importance. 
Some vafnish factories have for several years made more 
or less, successful attempts at such practice, through the 
installation of draft hoods and simple condensers conve- 
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nientiy placed in the thinning room. Installation of suit- 
able apparatus for this purpose will quickly pay for itself 
in a few months’ tinre. The condensed thinners may be 
obtained in excellent yield and in good condition for reuse. 

Historical Data on Fume Recovery . — Systems for at 
least partial recovery of gum and oil fumes from varnish 
plants have been installed and experimented with from 
time to time over a great many years and as early as a 
century ago. These methods, such as Tingary’s, Andre’s, 
Hackathorn’s, Lehmann’s, Neil’s, Koerting’s, and others, 
are described in well-known books on varnish technology. 
Through their use considerable quantities of copal oil 
(condensible fume from varnish resins) have been ob- 
tained. These have been used not only as a solvent for 
resins but as a constituent of certain types of varnishes 
and paints. Some of these systems depended upon the 
condensation of the fumes carried through sheet metal 
flues. A considerable portion of the fume that was not 
condensible and which was of the most objectionable odor 
may have been passed through chambers containing spray 
jets of water. This system was not always sufficient to 
remove the objectionable or odoriferous portion.^; which 
consequently passed out into the air. 

The writer has made a search of available Patent 
Office records on fume recovery and is presenting here- 
with a brief abstract of the result. 

U. S. Patent 222,983 of December, 1879, to D. D. Catta- 
nach; IMPROVEMENT IN TREATING LINSEED 
AND KINDRED OILS. During the thinning of the 
cooked oil, the solvent in the form of vapor is conducted 
away by a pipe in the top of the hood and may be con- 
densed in a coil so as to be used repeatedly without 
material loss. 

U. S. Patent 286,528 of October, 1883, to Bernhard 
Borowsky, entitled ^‘APPARATUS FOI^ THE MANU- 
FACTURE OF VARNISH.” In the method of cook- 
ing varnish described, the vapor of the turpentine or 
other solvent is carried by a strong draft of air into a 
condenser where the lighter portion of the vapor con- 
denses. 
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U. S. Patent 312,854 of February, 1885, to D. R. Hostet- 
ter, entitled “COVER FOR VARNISH KETTLES.” In 
this is described a cover for a varnish kettle, having^ 
attached thereto a coil pipe provided with means for 
air or water cooling, so that the vapors from the var- 
nish will be condensed and returned to the kettle. 

U. S. Patent 318,642 of May 1885, to S. W. Mayer and 
R. J. Bungart, entitled “APPARATUS FOR THE 
MANUFACTURE OF VARNISH.” In this is described 
special varnish kettles with furnace beneath such ket- 
tles, suction pipes connected to the discharge pipes of 
the kettles, trunk pipes connected to the suction pipes, 
a suction fan connected to the suction pipe, a condenser, 
and distributing pipes leading to the condenser from 
the varnish kettles, etc. 

U. S. Patent 663,594 of December, 1900, to R. A. Worstall 
and C. T. Hackathorn, entitled PROCESS OF MAKING 
VARNISH. In this is described a process of manufac- 
turing varnish, which consists in subjecting the gum or 
resin to the action of heat, condensing the vapors of the 
gum, formed during the process of heating, and subse- 
quently using the distillate obtained thereby. 

U. S. Patent 708,935 of September, 1902, to E. H. Strange 
and Edward Graham, entitled “MANUFACTURE OF 
VARNISHES.” In this, provision is made for recovery 
by condensation, of the turpentine used for thinning 
purposes. 

U. S. Patent 711,596 of October, 1902, to A. L. Te- 
desco, entitled PROCESS OF MANUFACTURING 
VARNISHES. In this patent is described the depoly- 
merization of copal resin^ by heat, the volatilized tera- 
benthines being condensed in a special apparatus and 
returned to the varnish mass. 

U. S. Patent 1,011,659 of December, 1911, to E. H. 
Strange, entitled “MANUFACTURE OF VAR- 
NISHES.” In this is described a process of manu- 
facturing varnishes, involving a special type of appa- 
ratus, which consists in dissolving copal by heating the , 
latter undet* pressure in the presence of a relatively 
small amount of oil distillate, simultaneously distilling 
off the solvent and thereafter adding the requisite 
quantity of turpentine.' 
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U. S. Patent 1,027,563 of May, 1912, to George W. Priest^ 
entitled ^THE MANUFACTURE OF VARNISH FOR 
COATING LEATHER.” In this is described special 
types of apparatus, consisting of a portable kettle and 
stationary dome, specially designed stirring devices and 
condensation equipment. 

U. S. Patent 971,071 of September, 1910, to G. W. Priest, 
entitled ‘^MANUFACTURE OF VARNISH FOR COAT- 
ING LEATHER.” In this special means are provided 
for condensing the vaporized solvent and returning it 
to the dome of the apparatus. 

U. S. Patent 1,066,794 of July, 1913, to Howard Cassard, 
entitled “PROCESS OF REFINING SHELLAC.” In 
this is described a condenser attached to the solution 
kettle, for recovery of solvent used. 

U. S. Patent 1,298,159 of March, 1919, to C. H. Bennett, 
entitled “APPARATUS FOR MANUFACTURING 
VARNISH.” In this a special type of apparatus for 
thinning varnishes is described, with suitable equip- 
ment for recovery of vaporized fume material. 

U. S. Patent 1,329,076 of January, 1920, to E. H. Frohner, 
entitled “METHOD OF AND APPARATUS FOR 
TREATING OIL AND OBTAINING BYPRODUCTS 
THEREFROM.” This describes a method of passing 
the gases arising from the blowing of fatty oils, di- 
rectly through solvents to recover the oils contained 
in said gases, and then passing the gases through an 
alkaline solution to remove the acrolein. 

U. S. Patent 883,842 of April, 1908, to Henri Terisse en- 
titled “TREATMENT OF HARD AND SEMI-HARD 
COPALS AND THE PREPARATION OF VAR- 
NISHES. Describes process of heating oil, resin and 
naphthalene; boiling to remove naphthalene and then 
adding thinner. See description below of Cruickshank- 
Smith article. 

Probably the most interesting paper presented to date 
on the subject of varnish manufacture with fume elimi- 
nation is that by Cruickshank Smith and Gaston de 
Pierres, entitled “The Technology of Varnish Manufac- 
ture, with Notes on an Improved Process.” This paper^ 
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which was presented as an original communication to the 
Eighth International Congress of Applied Chemistry, de- 
scribes work based on the original experiments carried 
out nearly seventy years ago by Schutzenberger, who 
heated mixtures of copal, linseed oil, and turpentine under 
pressure in a closed vessel. The authors point out that 
the gums used in varnish manufacture are polymerized 
terpenes and that what the varnish maker attempts to 
accomplish by heating, is to depolymerize the, terpenes so 
that they may become soluble in oil. In order that this 
may be accomplished without fume loss of any type, they 
recommend the use of an autoclave pressure-temperature 
system. The following extracts from their article present 
this subject clearly: 

'Tf we consider the fusion of resin as it is ef- 
fected in thb ordinary process of ‘running' in the 
gum-pot, it may be regarded as essentially a pro- 
cess involving partial dry distillation of polymer- 
ized terpenes. It may be likened to dry distillation 
of wood or coal with the differences that in the case 
of the resin the distillation is arrested at a defi- 
nite point and that the valuable product is con- 
tained, not in the distillate (as in the‘?ase of wood 
or oil) , but in the residue which is left in the gum- 
pot. As in the distillation of wood or coal the 
vaporized portion contains carbon dioxide and ethy- 
lic compounds while the distillate contains acetic 
and pyroligneous acids, naphthalene, hydrcwenzene 
and/in short, that whole range of compounds de- 
rived from the polyterpenes to wbick we apply, 
the name ‘copal oil' or ‘varnish fumes.' It must 
not be imagined that the acids which are found, in 
the copal oil exist as such in the original resin, any 
more than acetic or oxalic acid is contained as such 
in wood or cellulose. The lower acids named are 
decomposition products, in the one case of cellu- 
lose and in the other of the polymerized terpenes. 
Nevertheless in the conventional method of var- 
nish ‘ihaking this fusion and incipient distillation 
process could not be avoided because the resin had 
to be rendered wholly soluble not only in spirits of 
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turpentine but also in linseed oil, and this result 
could only be achieved (under the conditions which 
surround the conventional process) by subjecting 
the resin to strong direct heat. The practical re- 
sult aimed at in subjecting a hard resin to heat is 
to depolymerize it, that is, to convert it into bodies 
of simpler constitution and lower molecular con- 
densation than those possessed by the higher mem- 
bers of the polyterpene series. Thus the poly- 
merized terpenes of high molecular weight which 
may . be represented by the general formula 
(CjoHiJ are in effect polymers of dipentine 
CljoHin which again is a polymer of pentine (iso- 
prene) Cr.Hg, the first members of the series.” 

Smith and de Pierres further point out that hard resins 
are capable of being de-polymerized with perfect ease 
under pressure, and they illustrate the value of having 
present an intermediate substance with a low fusion 
point to act as a solvent. For this purpose they have ex- 
perimented successfully with naphthalene* which subse- 
quently may be removed from the manufactured varnish 
by distillation. They comment upon the ease of fusion 
and solution by this process, the absence of fume, and 
condensate (copal oil). They sum up their paper with 
the following statement which should stimulate the var- 
nish chemist to further efforts in similar directions : 


''We claim that there is abundant evidence at 
hand to warrant the dissipation of the fiction that 
the historic conventional method of gum-running 
is a necessary or even a defensible process inas- 
much as the 'acid' which the old fashioned method 
strove to separate was to a large extent produced 
by the incipient destructive distillation of the 
resin itself. We claim also that the depolymeriza- 
tion (on which the solubility of the fused resin de- 
pends) can be brought about by a method which is 
more gentle in its effects, more under scientific con- 
trol and capable of producing better and cheaper ,, 
varnishes than the method which has been the 


♦See U. S’. Patent 883,842 of April. 1908, to Henri Terlsse. 
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fetish of the mystery-maker and secret-monger 
for upwards of two hundred years. In conclusion 
we should like to point out that in spite of the ap- 
parent simplicity of the process and of the princi- 
ples on which it depends it must be controlled with 
skill and nicety in order that satisfactory and uni- 
form results may be obtained. The merely theo- 
retical worker who attempts to make good varnish 
either by this or by any other process will find that 
he has a long and costly novitiate before him. 
While it will be granted that the modern varnish 
factory has little use for the hide-bound rule-of- 
thumb, so-called practical man, it is equally true 
that to the dough of organized science must be 
added the leaven of practical skill — that indefin- 
able turn of the wrist which will always distin- 
guish the clever cook, the good varnish maker, and 
the successful technical expert.” 

No data is apparently available regarding the commer- 
cial use of the autoclave system described above and as 
to whether it is now on a successful basis. It is believed, 
however, that Smith’s process has been used success- 
fully in England. The writer has been informed of 
certain unsuccessful attempts in the United States to 
make varnish under similar procedure. These early 
failures may, however, point the way toward later 
successes. However, in some European as well as 
American varnish factories there still exist types of 
apparatus that were used for early experiments on 
fume control. The general plan of the earlier attempts 
was to draw the fumes through fume hoods aild 
thence through a system of condenser flue pipes by. the 
aid of a fan or suction blower. The waste gases from 
the coke fires, as usual, continued to pass up the heavy 
varnish stacks^ although in one instance the expensive 
stack was omitted and a metal stack of proper size and 
moderate cosV used. These installations represented sep- 
arate individual eiforts or experiments to recover fume 
products or to absorb repulsive fume odors. In many of 
them, non-movable, non-adjustable hoods were located 
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above the kettle so ^hat a considerable open space existed 
between the varnish kettle and the bottom of the hood. 
Great volumes of air necessarily were admixed with the 
fume, and at least partial oxidation of the fume resulted. 
Outlets were provided for discharging the condensate and 
cleaning out the fume deposits from the condenser pipes. 
The remainder or uncondensed portion of the fumes were 
carried along by the fan and discharged into the air. 
These earlier installations disclosed certain important 
facts and defined the problems to be overcome in order to 
obtain successful fume and odor recovery control. Some 
of these systems also disclosed the important fact that a 
large amount of the fume produced in varnish making 
will not liquify at the temperatures resulting from the 
heat conductivity of the metal walls of the pipe flues. 
Notably those fractions of the fumes which are character- 
ized by repulsive odor do not to any marked extent liquify 
or condense. 

The unlimited admission of air between the kettle and 
the metal hood will maintain and make even more pro- 
nounced the danger of fire flash through the presence of 
oxygen. In the heavy stack type of plant, for instance, 
where fume control is not in operation the construction 
of the building is designed with reference to the dangers 
from fire flash at the kettle and the loss through fire of 
the goods in process. This is evidenced in the isolated 
location of the boiling or kettle house; the heavy construc- 
tion of the stack to permit burning out of fume accumu- 
lations, and in the building, which is either of very heavy, 
^on-burning construction or of a very cheaply replaceable 
form of construction. As illustrative of the above, the 
following instructions are found in a text book on varnish 
manufacture by a prominent European technologist: 
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“Every person intending to manufacture var- 
nish on a profitable scale ought to procure suitable 
premises some distance out of town and sufficiently 
large for the business intended. The building or 
shed wherein varnish is made ought to be quite 
detached from other buildings, in order to avoid 
danger from fire."' 

A full discussion of the fire hazards in varnish plants, 
together with some suggestions for their elimination, are 
given further on in this article. 

Recent Developments in Fume Control, In the spring 
of 1917 the president of a large paint and varnish manu- 
facturing company in Rhode Island often found that 
fumes from his plant were carried by the wind to a 
nearby hospital. He determined, therefore, for his own 
interest and for the public advantage to investigate the 
possibilities of suppressing or eliminating the odors from 
his varnish stacks. He put his problem before his tech- 
nical staff which was headed by W. W. Rice. After con- 
siderable research work had indicated how the fumes 
might be removed, they placed their recommendations 
before a technical man formerly associated with the early 
scientific developments in American paint manufacture. 
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Fig. 13. 

Fume Hood on Kettle (First Design) 
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This man and his associates had already been investigat- 
ing the subject of industrial fumes, having applied certain 
scientific principles in the acid industry for the elimina- 
tion of acid fumes. Their study of varnish fumes indi- 
cated to them that while important fractions of the gum 
and oil fume were condensible when cooled to moderate 
temperatures, those portions of the fumes with the most 
repugnant odors did not generally respond to surface con- 
densation. Further investigations determined that these 
end product fumes would not wholly respond even to the 
scrubbing action in spray towers when passed through 
water or other liquids neutral to and not chemically re- 
active with the fumes. It was found, however, that the 
odorous end fractions of the fumes could be converted into 
solid or liquid materials and thus be entirely removed 
from the fume gases if brought in intimate contact with 
liquids holding certain very inexpensive reagents of an 
alkaline nature, as, for instance, milk of lime. As a re- 
sult of these investigations the plan of action called for 
the unification of fumes from a battery of kettle fires, to 
be drawn through a manifold flue and then through a 
unified system for treatment and recovery of separate 
fume products. Such manifolding of the fumes necessi- 
tated special equipment for controlling the air which in 
many previous attempts had been admitted to the top of 
the kettle and passed with the fumes into the hood and 
through the flues, as well as preventive equipment de- 
signed to stop accidental fire flashes from communicating 
through the manifold. An experimental systein was in- 
stalled on the broad general principles that were sug- 
gested in the early development previously referred to. 
After several thousand kettle batches had been produced 
under the system with a record of only two kettle flashes, 
(which incidentally were instantly smothered) and with 
a record of complete odor suppression, additional im- 
proved equipment was installed. 
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As a result of factory practice upon the installution of 
this system, it was determined that three or more pro- 
ducts could be fractionated from the fume. The primary 
condensate was recovered at atmospheric temperature 
and with a minimum of air dilution. This product prob- 
ably represents the major portion of the copal oil or fume 
distillate from the gum content of the varnish.* An in- 
termediate condensate, consisting of some of the gum 
fumes admixed with some of the not ordinarily conden- 
sible oil fumes, was obtained. An end product coosisting 
of practically all of the fumes which were not fractionated 
out by other means, was obtained by absorption in alka- 
line materials. 

The writer obtained three of the products recovered by 
the above-mentioned system and made a preliminary ex- 
amination thereof. They represented the recovered fume 
from gum and oil only. The results of examination are 
given below. 

TABLE 49. 

Results of Preliminary Investigation of Fume Products 


Refractive Index i 

Specific Gravity - | 

Iodine Number j 

Saponification Number 

Acid Number 

Water Soluble Acids (Acetic, 

etc.) 

Solubility in Water 

Solubility in Benzine - ' 

Solubility in Benzol 

Solubility in Turpentine. 

Solubility in Alcohol 

Drying on Glass 


Drying on Glass when re- 
dact with: 

60% Benzol 

60% Benzine 

60% Turpentine 

60% Alcohol 


Primary Gum Secondary Oil 
Condensate Condensate 


1.477 

.958 

141. 

80. 

63. 


1.476 

.924 

124. 

164. 

134. 


1.4 

slight 

readily 

readily 

readily 

readily 

Tacky in 1 day 
Fairly dry in 3 
days 


1.4 

slight 
readily 
readily 
readily 
readily 
Wet after 
days 


Fairly dry in 1 
day 

Fairly dry in 1 
day 

Fairly dry in 1 
day , ^ 

Fairly dry in 1 
day 


Wet after 
days 

Wet after 
days 

Wet after 
days 

Wet after 

,, days 


Final Absorption 
Product 


67. 

76. 

34. 


slight 
very slight 
, very slight 
very slight 
very slight 
3 Tacky for -3 
days 

Opaque char- 
acter of film 
g r a d u ally 
3 lost. 


♦The^^rec^e^ products jjre about equal t6 rosin rIoss oil according to 
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TABLE 50. 

Dry Distillation Results 


Primary Gum Condensate: 

Water 1% 

Distillate, 100 to 150“C 3 % 

Distillate, 150 to 200°C 38% 

Distillate, 200 to 220"C 25% 

Distillate, 220 to 300"C ... 

Residue 28% 


100 % 

Distillates have average Refrac- 
tive Index 1.456. 

Distillates cloudy and odorous. 

Distillates have high solvent 
action on resins. 

Distillates have high solvent 
action on rubber. 

Distillates have high solvent 
action on oils. 

Distillates miscible with tur- 
pentine, benzine, benzole and 
alcohol. 

Acid Number of Residue 24. 

Residue is clear red brown in 
color, almost solid. Soluble in 
turpentine, benzine, benzol, 
but only partly soluble in al- 
cohol, possibly due to polym- 
erization during heating. 

Residue dissolved in equal vol- 
ume of benzine, tacky in two 
hours but not dry in 20 hours. 

Same mixture 4- 10% drier, 
dries hard in eight hours. 

ppsidue on polymerization 20%. 


Secondary Oil Condensate: 

Water 1% 

Distillate, 100 to 150° C 2% 

Distillate, 150 to 200° C 3% 

Distillate, 200 to 300°C 12% 

Residue 82% 


100 % 


Distillates have average Refrac- 
tive Index 1.466. 

Distillates cloudy and odorous. 

Distillates have high solvent 
action on resins. 

Distillates have solvent action 
on rubber. 

Distillates have high solvent, 
action on oils. 

Distillates miscible with turpen- 
tine, iDenzine, benzole, and al- 
cohol. 

Acid Number of Residue 117. 

Residue is dark brown liquid. 
Soluble in turpentine, benzine, 
benzol and to large extent in 
alcohol. 

Residue dissolved in equRl voV* 
lime of benzine still wet after 
24 hours. 

Same mixture -L 10% drier 
still wet after 24 hours. 

Residue on polymerization 10% 


TABLE 51. 

Steam Distillation of the Gum Condensate 


100° to 180°C 

30% 

Clear and light amber colored 
liauid having a pleasant ter- 
pene odor.* Resembles oxi- 
dized turpentine. 

180“ to 330“C...., 

45<;v 

Clear liquid having greenish 
yellow color and not very ob- 
jectionable odor. Viscous and 
somewhat r&embles pine oil. 

Residue 

25% 

Clear amber red mass almost 
solid. Resembles fused resins. 
Acid No. 20. 


•Most of this portion distilled between 160® to 176®C. It contained a 
small amount of an oil that was found to be “terebene,” an antiseptic sub- 
stance having medicinal properties when used for the treatment of bron- 
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The above-described system, after operation for over 
two years, has offered opportunities for improvements 
and developments of a mechanical nature. 

The present equipment consists of : 

1. Kettle hoods. 

2. Fume piping with telescopic and universal joints. 

3. Fire control and safety equipment. 

4. Collecting manifold. 

5. Surface condenser for primary condensate. 

6. Scrubbing condenser tank for intermediate conden- 
sate. 

7. Blower and motor for exhaust and blowing of gases.* 

8. Chemical reaction tank. 

A brief description of the above items is given below. 

Kettle Hoods: The kettle hoods are of several types 
and are designed to permit of the usual art and the un- 
hampered oper^ations of varnish manufacture such as 
stirring, ladeling, whipping, temperature control, etc., 
and are so designed that the fumes are readily removed, 
thus preventing blanketing and the consequent greater 
surface tension and temperature that would increase the 
danger of fire flash. The covers are raised and lowered 
over the kettles by means of telescoping and other suitable 
joints in the connecting piping, thus giving freedom for 
placing on or withdrawing the kettles from the fire. One 
type of hood is made to separate from the piping so that 
it may be easily attached to and detached from the kettle 
with a cone snout for control of the fume. It also fur- 
nishes a cover for the kettle during its progress to the 
cooling house and for use in the recovery, ol volatiles in 
the reducing or thinning room. 

Kettle Hood Flues or Pipes : These move freely up and 
down and forward and backward at the gentle pressure of 
the varnish maker's hand. The counterweighting is sim- 
ple. Together with the hood they restrict the inflow of air 
and its admixture with the fume. In practice they are 

•It Is und^tood that the cofit per kettle per day for power required 
for fan and blower Is 81 cents. A Zfi-kettle plant would, therefore, show 
a yearly power cost of over $6,000. This sum would represent inter,est on 
a considerable amount of money. . In some Instances, therefore, a “stack” 
mlaht be cheaper than a fume condensing plant but would not do away 
with the odor. 
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understood to be substantially free from the building up 
of fume deposits. 

Automatic Double Damper Boxes: These consist of 
precautionary or safety equipment to protect the flue sys- 
tem. They prevent the communication of flash from one 
kettle to another through the flues. They are equipped 
with explosion heads. Should ignition and combustion 
accidentally occur in a flue the flame becomes automati- 
cally directed toward the separate flue used ordinarily to 
remove the combustion gases from the fires. The large 
area and the suction present, are designed to make ex- 
cessive pressures impossible. The fusing of the fire link 
causes the attached damper to fall shut, thereby prevent- 
ing flame from reaching the manifold. This damper in 
turn, by its weight and motion and by the wire rope con- 
nection automatically opens the other damper connecting 
with the combustion gas flue. The sj’^tem of control, 
although automatic, is also subject to hand operation so 
that it can be tested frequently to insure its free working. 
The damper boxes are further provided with drips to 
prevent the accumulation of condensed inflammable 
materials. 

Screen Boxes: Following the automatic damper is a 
box divided by a double screen of fine mesh which serves 
as an auxiliary protection against communication of flame. 
The action of this screen box is analogous to that of the 
well known Davey miner’s safety lamp. These screens 
are not permanent fire arresters but are designed to act 
for the short space of time necessary to fuse the fire link 
on the preceding damper, which gives a positive per- 
man#it cut-off. A drip is also provided in the box ta 
prevent the accumulation of condensed inflammable ma- 
tgrials. 

Collecting Manifold: The several screen boxes are 
joined to a common fume collecting manifold by means of 
suitable lengths of flue. The manifold is carried out of 
the building at a slope to allow drainage of the conden- 
sate, and connects with the condenser flue. These flues 
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are drained at the low point of junction to prevent the 
accumulation of condensate and to provide a means of 
collecting condensate. 

Surface Coudenser and Primary Condensate : This flue 
is preferably placed outside of the building and receives 
the fume from the manifold. It is installed with a slight 
inclination from the horizontal, in order to collect the 
condensate at a suitable collecting point. Those portions 
of the fume that are not condensed therein are discharged 
for treatment and recovery in the scrubbing equipment 
and odor reaction equipment. These two latter equip- 
ments have usually been housed on the roof of the plant. 
For this purpose a pent house of light and inexpensive 
construction for protection from the weather is piovided. 

Scrubbing Condenser and Intermediate Condensate: 
This involves, of^course, a wet process. The fume frac- 
tions discharged from the primary condenser are carried 
to an appropriate manifold at the bottom of the treat- 
ment tank. This manifold is submerged under an ap- 
preciable depth of liquid. By creating a suction beyond 
this part of the system, the fume is carried up and through 
the liquid, and the soluble constituents of the fume are 
removed. The remaining fraction of the fume is drawn 
from this tank and is carried through the odor reaction 
equipment. 

Odor Reaction Equipment and End Product: This 
also involves a wet process. The end fume passes into a 
moderate size tank and at the bottom of this tank escapes 
upward through the liquid contents, being broken into a 
series of bubbles to give reactive surface. The tank is 
filled either with an alkaline solution made with a soluble 
alkaline salt or an emulsion of milk of lime. The fume 
reacts with the reagent, and alkaline solid or liquid com- 
pounds of the organic acids of the fume are produced. 
The vent ^ses from these tanks are practically free from 
objectionable odor. The end product referred to is usual- 
ly collected weekly. 

Fume Control Applied to Stack Plants: For those 
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plants where heavy stacks are in existence it is stated 
that the standard apparatus may be provided, the stacks 
continuing their task of discharging the products of com- 
bustion from the kettle fires. The equipment necessary 
for such plants would be kettle hoods, cooling fume hoods, 
sheet metal flues, fire safety devices of sheet metal, tanks 
and tubs for scrubbing and chemical reaction, and a power 
driven motor and blower to move the fumes through the 
system. 

Equipment for Neiv Varnish Plants to be Provided 
With Fume Control: Later developments in the opera- 
tion of the process and apparatus described above have 
resulted in the building up of a flexible system of a 
standard design of equipment. It is referred to as multi- 
story type plants. These plants provide for the storage 
of raw materials on floors above the kettle or boiling 
room. The finished product is stored on the floor beneath 
the kettle room. The advantages are stated to be better 
control of inventory and formula, with installation of 
costing systems and incident economies in materials. A 
new type of building is provided, with certain economies 
in construction and investment, such as entire elimina- 
tion of bulky varnish stacks. Reduction of ground and 
roof area is accomplished. The above advantages, to- 
gether with fume recovery, odor elimination, and reduc- 
tion of fire hazard are presented. The multi-story system 
for a ^amish department in paint factories has also been 
developed. The following description of the design of one 
such plant now under construction would be of interest. 

The varnish department is stackless, being similar in 
asBlmiblage to the paint department. On each of the four 
floors the flow sheet or steps in varnish manufacture ap- 
4)roximates the flow sheet or steps in paint manufacture. 
On the fourth floor are located the stocks of raw materials. 
On the third floor is located the boiling rodm with its 
kettle fires and kettles and also the reducing room for in- 
troducing the thinners. The hoods for fume collecting, 
aff well as the thinning room hoods are located on this 
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floor for fume control and recovery of both varnish fumes 
and volatiles. On the second floor are located the cen- 
trifugals or other types of filters used in varnish manu- 
facture, as well as the ageing or storage tanks. On this 
floor may be placed apparatus for accessory manufacture 
such as tumbling barrels used for making spirit var- 
nishes. The ground floor is usually a portion of the plant 
factory ; the filling, labeling, packing and shipping being 
carried on at this point. The basement under both paint 
and varnish departments is available for the usual pur- 
poses such as storage for oil tanks and excess raw ma- 
terials not needed for immediate use on the fourth floor. 
A fire wall from the building foundations through all the 
floors, separates the paint department from the varnish 
department, and extends above the roof of the building 
as a parapet wall.^ This wall has no breaks or openings 
for communication above the ground floor. Communica- 
tion between floors is, however, provided by exterior 
stairways and open balconies between floors. There is, 
therefore,, no communication whatsoever within the build- 
ing between the varnish department and the paint de- 
partment. Even the pipes which permit of transfer of 
liquids from one department to the other and between 
floors are run through exterior conduits designed for pro- 
tection from fire. 

A coke bin is provided on the fourth floor of the plant. 
All the raw materials such as liquids, gums and coke are 
obtained on the third floor by valves and simple hopper 
levers operated from the kettle room. 

Some of the advantages claimed for the above system 
are efficiency of labor, with favorable conditions of light 
and air for occupational comfort; elimination of unneces- 
sary handling and hauling of the kettles; weight and 
measure control of the materials delivered into the 
kettles; recovery of all kettle fumes during the cooking 
and cooling; recovery equipment for handling volatile 
thinners distilled from the kettles in the reduction room ; 
protection of plant from fire.haiard, etc. 
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In the operation of the plant described above, the raw 
materials are obtained from the fourth floor through the 
hoppers in specified quantities in accordance with the 
standard formulae that are used. This avoids the stor- 
age of excess materials on the third floor where the fires 
are maintained. From the fires, the kettles are hauled to 
the cooling equipment. Separate hoods or covers might be 
preferred by some manufacturers for this purpose. 
Others might prefer to keep the kettles covered during the 
entire period of cook, cooling and reduction. In such case 
recovery equipment is connected with each of the three 
locations of cook, cooling and reduction. When cool the 
kettles are removed into the reduction room by passing 
out of the building on to the exterior balcony, and thence 
into the reduction room. The recovery of thinner? is ac- 
complished by a system entirely separate from the fume 
recovery system used during the cooking and cooling. 
From the reduction room the varnish is dropped by 
gravity to the filtering and storage room on the second 
floor, by the aid of conduits passing on the outside of the 
building. The filtering equipment is located on a mezzo 
floor or balcony from which the varnish flows by gravity 
into the ageing or storage tanks. 

Fire Hazard in Varnish Plants : Fire hazard may pos- 
sibly be inherent in certain old style varnish plants and 
the manufacturing methods used therein. Claims are 
made that this hazard may be reduced to a minimum by 
the new system of fume control. A summarized discus- 
sion of the means by which these results are obtained is 
believe^ warranted. 

In the old style stack plants, fires occur usually from 
spills or from kettle flash. Kettle flash may come from 
ovef-heating or from the escaping fumes being blown by 
some chance air current into the open fire under Jhe ket- 
tle. In any case, one of the most effective ways to subdue 
fire in the kettle is to smother the flame with a tight 
cover.. This method is efficacious but hazardous. Too 
long an interval may elapse between the flash and the 
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placing of the cover on the kettle by the workmen. Con- 
siderable interesting data on the subject of fire fighting 
devices in varnish plants is presented in Service Bulletin 
No. 60 of the National Varnish Manufacturers’ Associa- 
tion. In this Bulletin the comparative value of the var- 
ious types of sprinklers and extinguishers is presented. 
The equipment recommended, especially the type that 
throws a “chemical blanket” upon burning liquids, consti- 
tutes a very valuable adjunct toward fire elimination. 

Fires resulting from spills, with subsequent ignition, 
are rarely, if ever, of sufficiently large volume to in them- 
selves constitute a serious risk or to do any damage other 
than to the materials directly involved. Nevertheless 
spills from open kettles become a menace because of the 
probability that flame from them will be communicated 
to other open kettles. With the close hooding of the ket- 
tles and the removal of all fumes, fire hazard from the 
above cause is largely removed. Should a kettle flash 
from over-heating, the tight fitting cover provided by the 
fume system is already in place, and the closing of the 
stirring openings and pipe damper, both of which are 
readily approached, completes the blanketing and the fire 
may be smothered at once. It is understood that this ap- 
paratus has been equally successful in preventing com- 
munication of fires in the case of open kettles of highly 
heated oil that were deliberately set on fire in the room 
in which the regular varnish making operations .were 
being conducted. This indicates that the danger from 
accidental fire in the melting room may be largely elimi- 
nated. 

Consideration of the possibility of fire traversing the 
fume piping is next in order. The pipes leading from 
the kettle hood terminate in an automatic double damper 
box henetofore described. 'This box, in turn, communi- 
cates to the screen box. Leaving the screen box, the 
fume is drawn by surtiPn into the manifold and through 
thfrsurface condenser into the water condenser and .scrub- 
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ber. The scrubber wets down the gases and interposes a 
water barrier in the system. 

By providing a non-inflammable building with proper 
heat resisting materials, it is claimed that no additional 
risk is introduced by the storage of inflammable ma- 
terial, provided any fire occurring on the lower floor from 
the causes already noted is positively prevented from 
communicating to the upper or storage floor. In the con- 
struction of such buildings, reinforced concrete, brick and 
steel, with steel sash and wire glass, are used. The floor 
separating the upper and lower stories is of solid rein- 
forced concrete construction, without openings except for 
the hoppers. The hoppers are of cast iron and steel with 
self-closing doors. They are grouted into the floor. If, 
for instance, the storage tanks on the upper floors should 
be ruptured, flooding of the lower floors could be pre- 
vented by means of the curbs placed about hopper open- 
ings and by outside floor drains. 

The idea of locating open or closed fires or furnaces in 
upper stories has been practiced in certain other indus- 
tries for many years, and the engineering design and ma- 
terials necessary apparently present no new or untried 
problems. By completely enclosing the fire pits with steel 
lined with fire brick, they may project beneath the floor 
below. While it may be advanced that in case the brick 
lining of the fire pits is destroyed the steel casing would 
burn through, this probably could only happen after long 
warning as to the condition of the brick. Care and rea- 
sonable inspection should prevent such happenings. 

Some consideration should now be given to the i isks in- 
volved in reducing the cooked material with the volatile 
and inflammable liquids used in this art. Common prac- 
tice lias heretofore been to carry out this operation in the 
open or under a small shed roof for weather projection. 
The reduction is usually done in the uncovered kettles 
with the vapors being given off freely to the air. These 
vapors when mixed with air may become increasingly in- 
flammable, and being heavier than air will tend to settle 
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down around the more highly heated truck frame and 
wheels. For this reason it is common practice in some 
factories to cool the truck and wheels with a stream of 
water before reducing the varnish, when reduction is 
contemplated at relatively high temperatures. By the 
introduction and use while reducing, of properly designed 
kettle hoods, from which all vapors are continuously re- 
moved, the risk of flash or ignition is practically elimi- 
nated. The reducing agents may be introduced through 
pipes sealed in the hood. An exhaust pipe leads from 
the hood to a condensing system and is so regulated as to 
practically maintain a condition of balanced draft. Fur- 
ther safeguards in this method are accomplished by 
having the reducing room completely walled off from the 
boiling room with a fire wall. The exhaust pipes from 
the reducing house are led outside the building into suit- 
able condensers equipped with suction fans located in the 
fume treatment house or any other suitable place. 

When a multi-story varnish plant is incorporated as an 
integral part of a larger building which, for instance, may 
contain a separate paint factory, fire protection is given 
by the fire wall extending without openings through the 
roof from the ground. This fire wall may be expected to 
completely protect the varnish department from fire in 
the remainder of the building or the building from pos- 
sible fires in the varnish department. 

The results obtained from the above-described system , 
of fume control and varnish factory design will be 
watched with great interest. 
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Tests of Moisture and Water Resistance of Various 
Coatings on Small Boat Construction 

It is obviously necessary to render fairly waterproof 
the pontoon, float, or hull surfaces of seaplanes, flying 
boats, or other craft constructed of wood. If this is not 
accomplished, considerable water will be admitted, which 
will add greatly to the weight and materially diminish 
the speed obtainable and the general efficiency of the 
craft. Unfortunately, the word ^'waterproof has been 
used to describe the film that is produced by protective 
coatings of nearly every class, whereas, some should not 
be so classed. In order to determine the actual value of 
various* types of coatings that are used by the boat builder 
for finishing small craft a series of tests were made, 
which have afforded considerable data of a valuable 
nature. 

Before describing these tests it might be well to point 
out that wood is a cellular substance, the fibrous part of 
which absorbs large quantities of moisture. When the 
fiber becomes saturated with moisture, further quantities 
of water may be admitted in liquid form. This water 
will be held in the cellular cavities of the wood. When 
wood that has absorbed either water vapor into its fiber 
or liquid water into its cellular cavities, is submitted for a 
considerable period of time to drying, both the water and 
the moisture pass out and the wood is restored to its orig- 
inal so-called air-dry form which under normal condi- 
tions of testing and fabrication, should contain in the 
neighborhood of 11 to 15 per cent of moisture. Spruce, 
for instance, such as is used in the manufacture of the 
various parts of seaplanes, is always conditiofied to the 
above moisture content before working. 

For making the tests, there was selected a series of 
carfefully dressed panels. of airplane spruce and of yellow 
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poplar. The edges of each panel were carefully rounded 
and all surfaces made smooth. The panels were of the 
following dimensions (4" x 8" x 1 / 2 ") » there being thus 
afforded by each panel a total area of approximately one 
square foot. After drying the panels for ten days in the 
laboratory at a temperature of 70® F., they were given 
three coats of the compounds that were used in the tests, 
allowing ample periods for the hard drying of each coat. 
After the third coat was dry the panels were allowed to 
dry for a further period of ten days, and were then care- 
fully weighed and placed in a specially constructed 
moisture cabinet (See Fig. 2) kept at a temperature of 
100® F., with a relative humidity of 95 per cent. At the 
end of a period of seven days the panels were removed 
from the cabinet and the surfaces wiped off, to remove 
any extraneous \^ater that had been deposited by conden- 
sation. The panels were then carefully weighed and the 
gain in weight due to moisture absorption was recorded. 
After a period of seven days* drying at 70® F. they were 
reweighed and immersed in a specially constructed tank 
(Fif. 16) containing distilled water; being hung from the 
bottom so that they would float upward. The completely 
immersed panels were allowed to soak for a period of 
seven days. They were then removed, the surfaces care- 
fully wiped, and weighed. The gain in weight due to 
water absorption was recorded. The panels were again 
allowed to dry for seven days at a temperature of;70® F. 
and reweighed to determine the amount of water j^tained 
within the structure of the wood. 

The materials used for coating the wood panels need 
but little description. The raw linseed oil and boiled lin- 
seed oil conformed to Navy Department Specifications. 
The shellac, acetate airplane dope, nitrate airplane dope, 
spar varnish, and enamels conformed to Aeronautical 
Specifications of the Navy Department. All of the 
enamels were made with No. 3 varnish containing 25 — 
30 — 40 and 15 per cent respectively, of pigment. In the 
charted results these enamels are referred to as No. 4 a,. 
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b, c, and d, respectively. The first three contained lead 
and zinc pigments, while the last contained aluminum 
powder as the pigment. The oil (N) dope was a cellulose 
nitrate dope containing a drying oil, and the same ma- 
terial was used in combination with gray pigment to form 
the pigmented oil (N) dope. The panel painted with oil- 
graphite was first treated with a flat drying carbon black- 
linseed oil paint. The graphite was then dusted on while 
the film was tacky. This operation was repeated until a 
smooth surface was built up, two coats being necessary 
for this purpose. The panel coated with varnish-graphite 



Fig. 15. 

SOAKING TANK 


was treated with two coats of No. 3 spar varnish contain- 
ing 20 per cent of graphite. Dry graphite wa^ then dust- 
ed on the film while it was still tacky, and by polishing 
with burlap a bright, smooth surface was developed. 

The results which are tabulated below, expressed in 
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dunces of water gained per square yard, show that there 
is a marked difference in the amount of moisture and the 
amount of water which may be absorbed through films of 
different types. The results also show that while a film 
may be relatively moisture-proof, it may not be water- 
proof. 

Another interesting feature is shown by the apparent 
ability of some films to allow large quantities of moisture 
or water to pass through into the wood but relatively 
small quantities to pass out after being submitted to dry- 
ing, thus allowing the wood to retain large quantities of 
water. The acetate and nitrate dopes and the oil-graphite 
are representatives of this class. 

Special attention is directed to the very large amount 
of water absorbed through raw linseed oil films, as com- 
pared to the amount absorbed by the films of spar var- 
nish. It would seem evident from these results that spar 
varnish forms either a more continuous and less porous 
film, or one that is less subject to intermolecular absorp- 
tion. The passage of water through a paint film is prob- 
ably due to osmotic action, the film acting as a semi-per- 
meable membrane. With increase of temperature and 
vapor pressure, increase of penetration is shown. The 
water may also pass through in some cases by first form- 
ing an emulsion with the film, although sucly^tion may 
probably be considered as playing a mino^^le in the 
phenomenon. If a paint should form a film that i6 abso- 
lutely impermeable it might be unsuited for use on cer- 
tain types of wood construction (dwellirigsy, as the 
moisture in the wood is continually being drawn out to 
the surface by the action of the sun and would tend to 
cause blistering of an impermeable film. A film that 
shows only slight permeability to water but which allows 
water whieh is in the wood to escape freely, without af- 
fecting the film, should be considered satisfactory for 
most small boat protection. 

It should be noted that some panels coated with No* 4 
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wing enamel,* which is composed of No. 3 spar varnish 
and pigment, gave even better results than the spar var- 
nish alone, thus indicating the value of a percentage of 
pigment in rendering films more waterproof. This may 
to some extent be due to the thicker films which result 
from the application of an enamel It should be further 
recorded that of the four grades of No. 4 wing enamel 
used, slightly better results were shown by those con- 
taining a high percentage of pigment as compared with 
those containing a relatively low percentage. The 
amount of water shut out, however, through the addition 
of a large amount of pigment may not be sufficient to 
justify the use of a heavier enamel, as such an enamel 
would increase the initial weight of a flying-boat consid- 
erably. Very good results were however shown by the 
No. 4 (d) enamel ^yvhich contained a relatively small per- 
centage of pigment (aluminum powder) . The results ob- 
tained with the oil-graphite dust treatment of hull sur- 
faces, which has been used by the British to some extent, 
were poor as compared to the present American practice 
of using No. 4 enamel. When No. 3 spar varnish was used 
in the British treatment, in place of oil, very good results 
were shown. 

It will be observed that collodion dopes, or acetate 
dopes, are not to be compared with spar varnish as water 
excluders, although the dope designated as N, which con- 
tained a'Substantial percentage of varnish oil, gave much 
better results than the other dopes, which, incidentally, 
did not contain oil. Since some aircraft makers have 
often used dope in place of varnish for moisture-proofing 
woodwork, the above results would indicate that such 
practice should be discontinued. ^ 

The low moisture and water absorption shown by the 
shellac-coatpd panels is most interesting, as it has hereto- 
fore been believed that shellac was subject to rapid water 
absorption. The fact that shellac coatings almost imme- 
diately turn white when placed in water may be responsi- 

♦Navy Gray Enamel — Aeronautical Specifications C. and R. No. 4-B. 
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ble for such belief. This whitening of the film should 
apparently not be attributed to water that has passed 
through the coating but probably to the hydration of the 
outer surface of the shellac film. From the standpoint 
of durability however, shellac has proved very inferior to 
spar varnish when exposed to sunlight and the atmos- 
phere for long periods of time. 

A further series of experiments were made with some 
of the enamels by applying four coats to new panels and 
then submitting the panels to the same type of water ab- 
sorption apparatus as described above. A remarkable 
reduction in absorption was shown. The results, which 
are rather astounding, would indicate that the application 
of four coats of enamel to boat construction would be well 
repaid by the very high water-resisting films thus ob- 
tained. , 

It is the writer’s belief that the type of enamel that has 
proved so successful in these experiments should be used 
to a much greater extent than heretofore. Its highly 
successful use on the hull surfaces and also as a protective 
over the dope on the fabric covered wings of several hun- 
dred seaplanes has demonstrated its value and possibili- 
ties. It may have application as a general protective for 
exterior marine work and prove more successful than 
some of the paints now in use for such purpose. 

Tests were not made of the newly devised process of 
the Forest Products Laboratory, of waterproofing wooden 
surfaces, such, for instance, as propellers. In this pro- 
cess the wood is coated with a varnish and then aluminum 
leaf is applied. The aluminum leaf is subsequently fin- 
ished with varnish or paint. It is understood that the 
highest degree of moisture and water resistance is af- 
forded by this process which might find application for 
use on certain parts of small boat construction. 
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TABLE $2. 

Spruce Panels 


Material. 

Gain in 
moisture 
cabinet, 
oz. per 
sq. yd. 

Gain in 
water 
tank, 
oz. per 
sq. yd. 

Water 
retained 
after drying^ 
oz. per 
sq. yd. 

Bare Wood 

7.04 

37.83 

j 1.45 

Raw Linseed Oil 

6.01 

23.20 , 

2.18 

Boiled Linseed Oil 

4.80 

12.50 1 

! 2.74 

Acetate Dope 

3.86 

20.85 

6.70 

Nitrate Dope 

4.18 

21.50 

4.73 

Oil N, Dope 

2.34 

5.46 

3.32 

Pigmented Oil N. Dope 

2.04 

5.14 

3.88 

Spar Varnish No. 3 (a) 

.87 

.57 

.32 

Spar Varnish No. 3 (b) 

.78 

3.36 

1.27 

Enamel No. 4 (o) 

.13 

.68 

.36 

Enamel No. 4 (b) 

.48 

1.39 

.77 

Enamel No. 4 (c) 

.77 

1.76 

1.37 

Enamel No. 4 (d) 

.24 

1.60 

1.46 

Shellac f 

.52 

1.48 

1.21 

Oil-Graphite 

2.64 

33.22 

14.10 

Varnish-Graphite 

1.31 

6.32 

1.46 


TABLE 53. 
Yellow Poplar Panels 


Material. 

Gain in 
moisture 
cabinet, 
oz. per 
sq. yd. 

Gain in 
water 
tank, 
oz. per 
sq. yd. 

Water 
retained 
after drying., 
oz. per 
sq. yd. 

Bare Wood 

9.54 

47.78 

5.20 

Raw Linseed Oil 

7.43 

21.81 

2?70 

Boiled Linseed Oil 

6.37 

16.80 

6.80 

Acetate Dope 

5.20 

16.40 

^ 6.20 

Nitrate Dope 

6.00 

14.10 

6.60. 

Oil N. Dope 

2.40 

4.76 

3.24 

Pigmented Oil N. Dope 

.29 

3.02 

2.95 

Spar Varnish No. 3 (a) 

1.40 

3.42 

2.81 

Spar Varnish No. 3 (6). 

1.32 

2.88 

2.20 

Enamel No. 4 (a) 

.16 

1.18 

.96 

Enamel No. 4 (b) | 

.76 

1.52 

1.21 

Enamel No. 4 l (e) 1 

1.64 

3.20 

2.42 

Enamel No. 4 (d) 

.47 

1.04 

.72 

Shellac - — 

.47 

2.01 

1.89 

Oil-Graphite 1 — 

2.85 

20.60 

11.80 

Varnish-Graphite 

.82 i 

2.42 

1.50 
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TAELE 54. 

Water Absorption of Panels with 3 and 4 Coats of Enamel. 


3-Coat Work. 


4-Coat Work. 

Gain in water, 


Gain in water, 

ozs. per sq. yd. 


ozs. per sq. yd. 

1.18 

Enamel No. 4 (a) 

19 

1.04 

. ...Enamel No. 4 (b) 

.27 
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New Exposure Tests at Atlantic City 

A new series of test panels exposed on May 15th at At- 
lantic City are expected to afford considerable informa- 
tion on certain paint problems of general interest to the 
industry. While the tests are not of a competitive nature, 
as have been most of those heretofore made, some of the 
panels are coated with products which have been devel- 
oped in recent years and not included in previous tests. 
The panels have been arranged on the upper deck over 
the old wave motor located near the outer reaches of 
Young’s Million Dollar Pier. 



Fig. 17. 

VIEW OF WOOD PANELS 


The tests* are in groups which are described below. 
Among them are some whidi are designed to show the 
cjomparative life of uncoated and coated structural mate- 
rials. As is well known, the durability of such materials 
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depends on surface protection. Bare steel, wood, or other 
structural materials of the lowest or of the highest grade 
are all rapidly acted upon by the elements, but all may 
be preserved indefinitely if their surfaces are protected 
by occasional renewals of paint or varnish coatings. In 
order to show the actual effect of surface coatings, some 
of the panels have been exposed to the trying conditions 
existing along the seacoast with half of their surfaces un- 
coated, the area of the other half being given surface 
protection. Exposure over a short period will indicate 
the comparative value of the untreated and treated sur- 
faces. 



Fig. 18. 

VIEW OF METAL PANELS 
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TABLE 55. 
Series I — ^Tin Plate 


Panel 

No. 

Description of 
panel 

Section 

ofpanel 

Treatment 

1 

E-X (Tin Coated) 

Upper 

Lower 

Vermilion Paint, 3 coats 
Bare 

2 

E-X (Tin Coated) 

Upper 

Lower 

Spar Varnish 

Bare 

3 

E-X (Tin Coated) 

Upper 

Lower 

Collodion Dope D, 1 coat 
Bare 

4 

A-P 40 lb. 

(Heavy Tin Coated) 

Upper 

Lower 

Vermilion Paint, 3 coats 
Bare 

5 

A-P 40 lb. 

(Heavy Tin Coated) 

Upper 

Lower 

Spar Varnish, 3 coats 

Bare 

6 

A-P 40 lb. 

(Heavy Tin Coated) 

Upper 

Lower 

Collodion Dope N, 1 coat 
Bare 


The above sheet tin roofing plates are exposed in a 
horizontal position. The vermilion paint contains 50% 
basic chromate of lead, 40 % raw linseed oil, 6% turpen- 
tine and 6% drier. The spar varnish is W. D. 6.* The 
dopes used are collodion dopes containing substantially 
6 oz. of nitrocellulose per gallon of solvent. No. 3 con- 
tains approximately 6% castor oil, and No. 6 contains 
approximately 6% treated tung oil. 

•W. D. stands for War Department formulas uublished In War Depart- 
ment Paint Pamphlet No. 1. 
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TABLE 56. 

Series II — Black Iron Metal Powder Tests 


Panel 

No. 

Description of 
panel 

Section 

ofpanel 

Treatment 

7 

Open Hearth Steel 
(Black Sheet) 

Upper 

Lower 

Aluminum Powder in Spar 
Varnish, 2 coats 

Aluminum Powder in Lin- 
seed Oil. 2 coats 

8 

Open Hearth Steel 
(Black Sheet) 

Upper 

Lower 

Aluminum Powder in Collo- 
dion Dope D, 2 coats 

Bare 

9 

Open Hearth Steel 
(Black Sheet) 

Upper 

Lower 

Zinc Powder in Spar Var- 
nish, 2 coats 

Zinc Powder in Linseed Oil, 

2 coats 

10 

Open Hearth Steel 
(Black Sheet) 

Upper 

Lower 

Zinc Powder in Collodion 
Dope D, 2 coats 

Bare 


Aluminum and zinc powders have high protective ac- 
tion when placed in contact with iron and steel. They are 
strongly electro-positive and protect the underlying fer- 
rous metal from corrosion. In the above series, exposure 
will indicate whether spar varnish, linseed oil or collodion 
dope is the most satisfactory vehicle for their application. 
Because of the viscous nature of spar varnish and dope, 
smaller quantities of the metallic powders are required 
than when raw linseed oil is used. Only 20% of aluminum 
powder was used with 80% of either spar varnish or dope, 
whereas 40% of aluminum powder was required with 
60 %r of linseed oil in order to make a paint that would 
not show running. The drying of linseed oil is appar- 
ently greatly retarded through the use of aluminum pow- 
der. For that reason, better results might have been ob- 
tained by the use of boiled linseed oil which is more 
viscous and rapid drying than the raw oil, and better 
suited as a carrier for the aluminum powder. • 

With 50% of zinc powder, 50 %> of spar varnish or dope 
was used, whereas 86 %? of zinc powder was required for 
14% of raw linseed oil in order to make a paint of brush- 
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ing consistency. For this reason, boiled linseed oil would 
be preferable to raw linseed oil for use with zinc powder, 
as a lower amount of zinc dust could have been used. 

TABLE 57. 

Series III — Special Metal Tests, Includinjir Galzanized Sheets. 


Panel 

No. 

Description of 
panel 

Section 

ofpanel 

Treatment 

11 

Open Hearth Steel 
(Galvanized) 

Upper 

Lower 

1 Spar Varnish, 3 coats 

Bare 

12 

Open Hearth Steel 
(Galvanized) 

Upper 

Lower 

Linseed Oil, 3 coats 

1 Bare 

18 1 

Open Hearth Steel 
(Galvanized) 

Upper 

Lower 

Copper brushed, then ver- 
milion paint, 3 coats 
; Bare 

14 

Open Hearth Steel 
(Black Sheet) 

Upper 

Lower 

Vermilion paint, 3 coats 

Bare 

16 

Copperized Steel 
(Galvanized) 

Upper 

Lower 

Copper brushed, then ver- 
milion paint, 3 coats 

Bare 

16 

Copperized Steel 
(Black Sheet) 

Upper 

Lower 

j Vermilion paint, 3 coats 

1 Bare 

17 

R-R Iron 
(Galvanized) 

Upper 

Lower 

Copper brushed, then ver- 
milion paint, 3 coats 

Bare 

18 

R-R Iron 
(Black Sheet) 

Upper 

Lower 

Vermilion paint, 3 coats 

Bare 

19 

R-R Iron 
(Heavy Tin Coat- 
ing) 

Upper 

Lower 

Vermilion paint, 8 coats • 

Bare ^ , 


The same type of vermilion paint and spar varnish as 
in Series I were used in this series. The copper brush 
treatment consisted of applying an aqueous solution of 
copper salt (6 02 . copper acetate to 1 gallon of water). 
This was applied in order to remove the highly spangled 
surfa;Ce of the galvanized iron, which in some cases will 
cause flaking of paint after exposure. 
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TABLE 58. 

Series IV — War Paints on Metal 


Panf*l 

No. 

1 Desenijtlon of ' 

1 panel 

Section 

ofpanel 

Treatment 

20 

Open Hearth Steel 
(Black Sheet) 

Upper 

Lower 

Spar Varnish (W. D. 6) 

3 coats 

Bare 

21 

Open Hearth Steel 
(Black Sheet) 

Upper 

Lower 

Spar Varnish, 3 coats 

Linseed Oil, 3 coats 

22 

Open Hearth Steel 
! (Black Sheet) 

Upper 

Lower 

Camouflage 0. R. 333, 3 coats 
Camouflage N. 0. R. 334, 3 
coats 

23 

Open Hearth Steel 
(Black Sheet) 

Upper 

Lower 

Yellow W. D. 37 and Olive 
Green W. D. 33 Projectile 
Painir, 3 coats 

Blue W. D. 34 and Black 
W. D. 38 Projectile Paints, 
3 coats 

24 

Open Hearth Steel 

1 (Black Sheet) 

Upper 

and 

Lower 

Brown Enamel Primer W. 
D. 13, 1 coat; Red Oxide 
W. D. 11, 2 coats 

25 

' Open Hearth Steel 
(Black Sheet) 

i 

Upper 

Lower 

Reinforced Red Lead, Ready 
Mixed, W. D. 40, 3 coats 
Red Lead, Hand Mixed, 3 
coats 

26 

I Open Hearth Steel 
(Black Sheet) 

j 

Upper 

Lower 

Helmet Paint, 3 coats 

Navy Camouflage, Gray, 3 
coats. 

27 

; Open Hearth Steel 
(Black Sheet) 

1 

Upper 

Lower 

Standard Olive Drab W. D. 
28, 3 coats 

Quick Drying Olive Drab 
W. D. 29, 3 coats 


In this series are included many war time paints such 
as vjf^re specified in Paint Pamphlet No. 1 of the War 
Department. The red lead hand-mixed paint consisted 
of 22 lbs. red lead, 5 pints linseed oil, 2 gills' drier, and 2 
gills petroleum spirits. The helmet paint consisted of 
60 [y, of pigment composed of: 
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Ochre 60% 

Lithopone 30% 

Magnesium silicate 10% 

The liquid consisted of : 

Linseed oil, tung oil, and varnish resins 40% 

Drier and thinner 60% 


The Navy Camouflage Gray consisted of: 65 of pig- 
ment composed of zinc oxide 47 V,, white lead 23'/^, mag- 
nesium silicate 30 5^. The liquid consisted of linseed oil 
40%, spar varnish 20%, mineral spirits and drier 40%. 

TABLE 59. 

Series V — Wood Panel Tests 


Panel 

No. 

Description of 
panel 

Section 

ofpanel 

Treatment 

60 

White Pine 

Upper 

Lower 

White Paint, 3 coats 

Bare 

^61 

Yellow Pine 

Upper 

Lower 

White Paint, 3 coats 
' Bare 

62~ 

Cypress 

Upper 

Lower 

White Paint, 3 coats 

Bare 

63 

Red Wood j 

i 

Upper 

Lower 

White Paint, 3 coats 

Bare 

64 

White Pine 

1 

Upper j 
Lower 

Spar Varnish, 3 coats 

Bare 

66 

Yellow Pine 

Upper i 
Lower 

Spar Varnish, 3 coUts 

Bare 

66 

Cypress 

Upper 

Lower 

Spar Varnish, ‘3 coats 

Bare 

67 

Red Wood 

I Upper 
Lower 

Spar Varnish, 3 coats 

Bare 





NEW EXPOSURE TESTS AT ATLANTIC CITY 



CYPRESS REDWOOD 

Fig. 19. 

PHOTOMICROGRAPHIC REPRODUCTION OF WOODS 
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In this series the upper diagonal half of each panel was 
coated and the lower half left uncoated. Spar varnish 
(W. D. 6) was used on one set, and a prepared lead and 
zinc paint (W. D. 60) on the other. 

TABLE 60. 

Series VI — War Paints on Wood 


Panel 

No. 

Description 
of panel 

Section 
of panel 

Treatment 



Entire Panel 

Primed with Red Lead, 
then 

58 

Cypress 

Upper 

Lower 

Exterior Paint Pearl Gray 
W. D. 50, 3 coats 
Exterior Fire Resisting- 
Paint, Gray Green W. D. 
21, 3 coats 

59 

Cypress 

Entire Panel 
Upper Board 1 ' 

Upper Board 2 

Lower Boards 
1 and 2 

• 

Primed with Red Lead, then 
Anti- Actinic Wing Enamel 
Army Olive Drab, 3 coats 
Anti- Actinic Wing Enamel 
Light Gray, 3 coats 
Anti-Actinic Wing Enamel 
Semi-Flat Navy Depart- 
ment Aero. Spec. C. & R. 
No. 3, 3 coats 


In this series special war time paints were included. 
As will be shown by Pamphlet No. 1, many of the War 
Department paints were of a quick drying nature, neces- 
sitating the use of spar varnish in the liquid . portion, ' 
Since linseed oil paints have heretofore beela used by the 
War Department, it will be interesting to observe the 
degree of durability to be obtained with varnish paints. 
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TABLE 61. 

Series VII— Special Primer Tests on Wood 


Panel 

No. 

Description 
of panel 

Section 
of panel 

Treatment 

60 

Yellow Pine 

Upper 2 Boards 
Lower 2 Boards 
Right half of 
panel 

■ Left half of 
panel 

Vermilion Paint, 1 coat 
Lampblack, 1 coat 

Then coated with White 
Paint, 3 coats 

Coated with Spar Var- 
nish, 3 coats 

61 

Cypress 

Upper 2 Boards 
Lower 2 Boards ! 
Right half of 
panel 

Left half of 
panel 

Vermilion Paint, 1 coat 
Lampblack, 1 coat 

Then coated with White 
Paint, 3 coats 

Coated with Spar Var- 
nish, 3 coats 

62 

White Pine 

Upper 

Lower 

Lampblack, 1 coat; 

Then White Paint, 3 coats 
Bare, then White Paint, 

3 coats 


The object of these special priming tests was to deter- 
mine the results to be obtained through priming yellow 
pine and cypress with a hard drying primer made of basic 
chromate of lead, or with a primer made of lampblack. 
Over these primers white paint (W. D. 50) and varnish 
(W. D. 6) were applied. Exposure will determine 
whether the results obtained through the initial priming 
treatment are as good as or superior to those which are 
sometimes shown when this special priming treatment is 
omitted. It is the writer's theory that practically any 
type of wood may be painted with greater success if it is 
primed with a very fine pigment, such, for instance, as 
lampblack. 
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TABLE 62 

Series VIII— Special Tests 


Panel 

No. 

* Description 
of panel 

Section 
of panel 

Treatment 

63 

White Pine 

1st Board 

2nd Board 

8rd Board 

4th Board 

Red Paint, 3 coats 

Green Paint, 3 coats 

Yellow Paint, 3 coats 

Black Paint, 3 coats 

64 

White Pine 

Upper 2 Boards 

Lower 2 Boards 

Red Oxide Machine 

Ground, 3 coats 

Red Oxide Hand Mixed, 
3 coats 

66 

White Pine 

1 

Upper 2 Boards 

Lower 2 Boards 

White Paint Pure Oil, 3 

White Paint Foots Oil, 3 
coats 

66 

White Pine. 

1st Board 

2nd Board 

3rd Board 

4th Board 

White Paint B-T-X 

Yellow Paint B-T-X 

Gray Paint B-T-X 

Blue Paint B-T-X 

67 

White Pine 

1st Board 

2nd Board 

3rd Board 

4th Board 

White Paint L-Z-X 

Yellow Paint L-Z-X 

Gray Paint L-Z-X 

Blue Paint L-Z-X 

68 

White Pine 

Upper 2 Boards 
Lower 2 Boards 

Spar Varnish, 5 coats 
Linseed Oil, 5 coats 


In this series are included tests of various colors on 
which temperature readings will be made to d^ermine 
the heat absorption and comparative degree of solar 
radiation. Panel 64 was coated with two paints of ex- 
actly the same composition, one being machine ground 
and the other mixed by hand from the raw ingredients. 

It is believed that exposure will demonstrate the value 
of machine grinding. On panel 66 there were applied two 
paints of exactly the same composition, using in one a 
pure raw linseed oil free from moisture and foots and in 
the other a linseed oil with considerable foots and a high 
moisture content. The use of oil of the latter type has 
in the past been responsible for cases of washing. 
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On panel 66 was applied a titanium oxide paint con- 
taining 60 % of pigment and 40% of liquid. The pigment 
consisted of “titanium-barium sulphate” pigment 70% 
and zinc oxide 30%. The liquid portion consisted of lin- 
seed oil 85% and combined turpentine and drier 16%. 
In order to determine the wearing value of this paint 
there was applied on Panel 67, for control purposes, a 
high grade lead and zinc paint consisting of 66% pigment 
and 34% liquid. The pigment consisted of 47%. white 
lead and 53% zinc oxide. The liquid consisted of 86%. 
linseed oil and 15% combined turpentine and drier. The 
titanium oxide pigment used in the paint applied to Panel 
66 is a pigment made by precipitation somewhat in the 
same manner as lithopone. It contains 16% of titanium 
oxide and 84% of barium sulphate. The hiding power of 
this pigment is comparable with that oT white lead and 
zinc oxide. Its durability to severe exterior exposure is 
high. Both paints 66 and 67 were in white, yellow, gray, 
and green of the same tints. 

The following additional wood and metal tests were 
exposed on June 8, 1919 : 


TABLE 63. 


Panel I 
^k). ' 

Description 
of panel 

Section 
of panel 

Treatnxent 

G9 

White Pine 

1st Board 

2nd Board 

3rd Board 

4th Board . 

White Paint B-T-XX 
Yellow Paint B-T-XX 

Gray Paint B-T-XX 

Blue Paint B-T-XX 

70 

Cypress • 

1st Board 

2nd Board I 

3rd Board 

4th Board 

White Paint M-L 

Yellow Paint M-L 

Gray Paint M-L 

Blue Paint M-L 

'Jl" 

Cypress 

1st Board 

2nd Board 

3rd Board 

4th Board 

White Paint N-L 

Yellow Paint N-L 

Gray Paint N;L 

Blue Paint N-L 


The paint used on panel 69 was made with a titanium- 
barium sulphate pigment containing 34% of titanium 
oxide and 66% of barium sulphate. The proportions were 
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as follows : Pigment 55 %, liquid 45 7^ . The pigment com- 
position was: Titanium-barium-sulphate 407r, bar3d;es 
40%^ zinc oxide 20%. The liquid portion consisted of Un- 
seen oil 85% and combined turpentine and drier 15%. 

The paint applied to panel No. 70 consisted of pigment 
507, liquid 50%. The pigment consisted of lithopone 
(type M) 707 and zinc oxide 30%. The liquid portion 
consisted of linseed oil 857, combined turpentine and 
drier 15%. 

The paint applied to panel 71 was of exactly the same 
composition as that on panel 70, except that lithopone 
(type M) was used. 

Exterior tests with lithopone paints have heretofore 
indicated failure due to rapid chalking. The addition of 
zinc oxide overcomes this tendency to some extent, es- 
pecially if the paints are tinted, and at the same time 
tends to prevent darkening due to light action. Panels 
70 and 71 may indicate the approximate wearing value of 
two very good grades of lithopone now used in the paint 
industry. 


TABLE 64. 

Additional Metal Tests 


Panel 

No. 

Description of 
panel 

Section 
of panel 

Treatjnent 

28 

Steel Sheet 
(Parkerized) 

Upper 1 
Lower 

Vermilion Paint, 3 coats 
Bare 

29 

Steel Sheet 
(Parkerized) 

Upper 

Lower 

Spar Varnish, 3 coats 

Bare 

30 

Open Hearth Steel 
(Black Sheet) 


1 coat Primer No. 1 over to- 
tal surface, then 2 coats 
Finish No. 3 on upper di- 
agonal half 

31 

Open Hearth Steel 
..(Black Sheet) 


1 coat Primer No. 2 over to- 
tal surface, then 2 coats 
Finish No. 4 on uppef di- 
. agonal half 
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Panels 28 and 29 were treated by a rust-proofing 
process, the surface of the metal being black due to the 
iron phosphide formed by boiling with dilute phosphoric 
acid compounds. The panels were dipped in a mixture of 
1 part linseed oil and 7 parts naptha to give them the 
customary finish. After drying, they were painted. The 
vermilion paint and spar varnish were of the same grade 
as used in Series I. Paints No. 1 and No. 2 were rein- 
forced red leads containing a small amount of red iron 
oxide to increase their hiding properties. Paints No. 3 
and No. 4 were black and gray finishing coats. 

A panel of special aluminum alloy (duralumin) with 
one-half of its surface coated with 3 coats of spar varnish 
W. D. 6 was also exposed on June 8, 1919. 

Examination of Tests After Four Mo'j;^ths Exposure . — 
The test panels were inspected on September 15, 1919, 
after a period of four months' exposure. At the time of 
inspection, brief notes were made of the condition of each 
panel and the results are presented below in chart form. 
Nearly all the metal panels, which were near the floor of 
the exposure deck, had been abraded during exposure, by 
workmen on the pier. These metal panels were therefore 
given one finishing coat of surface protection on Sep- 
tember 22, 1919. The wood panels were not recoated as 
they were in a well-preserved condition. 



Flfl. 20 

Metal Panels on September 15, 1910 
Corrosion of Uncoated Specimens Evident 
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Fig. 21 

Wood Panolt on Septomber 15, 1919 
Eroded and Spotted Condition of Uncoated Specimene Evident 
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TABLE 65. 
Series I— Tin Plate 


Panel 

No. 

Description of 
panel 

Section 
of panel 

Treatment 

Condition after 

4 months’ exposure 

1 

E-X (Tin Coated) 

Upper 

Lower 

Vermilion Paint, 3 coats 
Bare 

Okeh 

Very rusty 

2 

E-X (Tin Coated) 

Upper 

Lower 

Spar Varnish 

Bare 

Okeh 

Very rusty 

3 

E-X (Tin Coated) 

Upper 

Lower 

Collodion Dope D, 1 
coat 

Bare 

Okeh 

Very rusty 

4 

A-P 40 lb. 

( Heavy Tin 
Coated) 

Upper 

Lower 

1 

Vermilion Paint, 3 coats 

Bare 

Okeh 

Few small pin-hole 
rust spots 

5 

A-P 40 lb. 

(Heavy Tin 

Coated) 

Upper 

Lower 

Spar Varnish, 3 coats 
Bare 

• 

Okeh 

Few small pin-hole 
rust spots 

6 

A-P 40 lb. 

(Heavy Tin 

Coated) 

Upper 

Lower 

Collodion Dope N, 1 coat 
Bare 

Peeling 

Few small pin-hole 
rust spots 


TABLE 66. 

Series II — Black Iron Metal Powder Tests 


Panf‘1 

No. 

Description of 
panel 

Section 
of panel 

Treatment 

Condition after 

4 months’ exposure 

7 

Open Hearth Steel 
(Black Sheet) 

Upper 

Lower 

Aluminum Powder in 
Spar Varnish, 2 coats 
Aluminum Powder in 
Linseed Oil, 2 coats 

Okeh 

Okeh 

8 

Open Hearth Steel 
(Black Sheet) 

Upper 

Aluminum Powder in 
Collodion Dope D, 2 
coats 

Slight rust at abra- 
sion points* 



Lower 

Bare 

Very rusty 

9 

Open* Hearth Steel 
(Black Sheet) 

Upper 

Lower 

Zinc Powder in Spar 
Varnish, 2 coats 

Zinc Powder in Lin-j 
seed Oil, 2 coats 

Okeh 

Okeh 

~10 

' Open Hearth Steel 
; iBlack Sheet) 

Upper 

Lower 

Zinc Powder in Collo-, 
dion Dope D, 2 coats 
Bare 

^ Very slight rust at 
abrasion point . 
Very rusty 


♦Protection of abraded areas by the 
by the underjiylng: black mill scale which 
therefore rust stimulative in action. 


is strongly electronegative to the iron surface and 
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TABLE 67. 


Series III — Special Metal Tests, Including Galvanized Sheets 


Panel 
No. . 

Description of 
panel 

Section 
of panel 

Treatment 

Condition after 

4 months’ exposure 

11 

. Open Hearth Steel 
(Galvanized) 

i Upper 
Lower 

Spar Varnish, 3 coats 
Bare 

Okeh 

Okeh 

12 

Open Hearth Steel 
(Galvanized) 

Upper 

Lower 

Linseed Oil, 3 coats 

Bare 

Okeh 

Okeh 

13 

Open Hearth Steel 
(Galvanized) 

• 

Upper 

Lower 

Copper brushed, then 
vermilion paint, 3 coats 
Bare 

Okeh 

Okeh 

14 

Open Hearth Steel 
(Black Sheet) 

Upper 

Lower 

Vermilion paint, 3 coats 
Bare 

Okeh 

Very rusty 

15 

Copperized Steel 
(Galvanized) 

Upper 

Lower 

Copper brushed, then 
vermilion paint, 3 coats 
Bare 

Okeh 

Okeh 

16 

Copperized Steel 
(Black Sheet) 

Upper 

Lower 

Vermilion paint, 3 coats 
Bare 

Okeh 

Very rusty 

17 

R-R Iron 
(Galvanized) 

Upper 

Lower 

Copper brushed, then 
vermilion paint, 3 coats 
Bare 

Okeh . 

Okeh 

18 

R-R Iron 
(Black Sheet) 

Upper 

Lower 

Vermilion paint, 3 coats 
Bare 

0^ 

Very rusty 

19 



R-R Iron (Heavy 
Tin Coating) 

Upper 

Lower 

Vermilion paint, $ coats 
Bare 

Okeh 

Rust spotted 


192 


NEW EXPOSURE TESTS AT ATLANTIC CITY 


TABLE 68. 

Series IV — ^War Paints on Metal 


Panel 

No. 

Description of 
panel 

Section 
of panel 

Treatment 

Condition after 

4 months’ exposure 

20 

Open Hearth Steel 
(Black Sheet) 

Upper 

Lower 

Spar Varnish (W. D. 6), 
8 coats 

Bare 

Okeh 

Very rusty 

21 

Open Hearth Steel 
(Black Sheet) 

Upper 

Lower 

Spar Varnish, 3 coats 
Linseed Oil, 3 coats 

Okeh 

Rusty below oil 
film 

22 

Open Hearth Steel 
(Black Sheet) 

Upper 1 
Lower j 

Camouflage 0. R. 333, 3 
coats 

Camouflage N. 0. R. 334, 
3 coats 

Okeh 

Okeh 

23 

Open Hearth Steel 
(Black Sheet) 

Upper ! 

i 

Lower 

Yellow W. if. 37 and 
Olive Green W. D. 33 
Projectile Paints, 3 

Blue W. D. 34 and Black 
W. D. 38 Projectile 
Paints, 3 coats 

These four paints 
show very dull 
surfaces 

24 

Open Hearth Steel 
(Black Sheet) 

Upper 

and 

Lower 

Brown Enamel Primer 
W. D. 13, 1 coat; Red 
Oxide W. D. 11 2 coats 

Okeh 

25 

Open Hearth Steel 
(Black Sheet) 

Upper 

Lower 

Reinforced Red Lead 
Ready Mixed W. D. 40, 
3 coats 

Red Lead Hand Mixed, 
3 coats 

Okeh but slightly 
dull 

Okeh 

26 

Open Hearth Steel 
(Black Sheet) 

Upper 

Lower 

Helmet Paint, 3 coats 
Navy Camouflage, Gray 
3 coats 

Slight checking 

Okeh 

27 

Open Hearth Steel i 
(Black Sheet) 

Upper 

Lower 

Standard Olive Drab W. 
D, 28, 3 coats 

Quick Drying Olive Drab 
W. D. 29, 3 coats 

Okeh 

Okeh 
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TABLE 69, 

Series V — Wood Panel Tests 


Panel 

No. 

Description of 
panel 

Section 
of panel 

Condition after 

Treatment | 4 months’ exposure 

60 

White Pine 

Upper 

Lower 

White Paint, 3 coats 
Bare 

All painted or var- 
nished surfaces 
in excellent con- 
dition. 

All bare wood sui^ 
faces are rough, 
showing weather- 
etched grain and 
dark spots due to 
fungous growths 

61 

Yellow Pine 

Upper 

Lower 

White Paint, 3 coats 
Bare 

62 

Cypress 

Upper 

Lower 

White Paint, 3 coats 
Bare 

53 

Red Wood 

Upper 

Lower 

White Paint, 3 coats 

Bare 

64 

White Pine 

Upper 

Lower 

Spar Varnish, 3 coats 
Bare 

65 

~56~ 

Yellow Pine 

Upper 

Lower 

Spar Varnish, 3 coats 
Bare 

Cypress 

, Upper 
Lower 

Spar Varnish, 3 coats 
Bare 

57 

Red Wood 

Upper 

Lower 

Spar Varnish, 3 coats 
Bare 


TABLE 70. 

Series Vl—War Paints on Wood 


Panel 

No. 

Description 
of panel 

1 Section 

of panel 

Treatment 

1 Condition after 

1 4 months’ exposure 

68 

Cypress 

Entire Panel 
j Upper 
i Lower 

Primed with Red Lead, 
then: 

Exterior Paint, Pearl 
Gray W. D. 50, 3 coats 
Exterior Fire Resisting 
Paint, Gray Green W« 
D. 21, 3 coats 

Alfokeh V 

59 

Cypress 

h 

Entire Panel 

Upper Board 1 

Upper Board 2 

Lower Boards 

1 and 2 

Primed with Red Lead, 
then: 

Anti- Actinic Wing Enam- 
el Army Olive Drab, 
3 coats 

Anti- Actinic Wing Enam- 
el Light Gray, 3 coats 

Anti- Actinic Wing Enam- 
el Semi-Flat Navy De- 
partment Aero. Spec. 
C. & R. No. 3, 3 coats 

All okeh except 
where bird shot 
have penetrated 
2 upper boards 
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TABLE 71. 

Series VII — Special Primer Tests on Wood 


Panel 

No. 

Description 
of panel 

Section 
of panel 

Treatment 

Condition after 

4 months’ exposure- 

60 

Yellow Pine 

Upper 2 Boards 
Lower 2 Boards 
Right half of 
panel 

Left half of 
panel 

Vermilion Paint, 1 coat 
Lampblack, 1 coat 

Then coated with White 
Paint, 3 coats 

Coated with Spar Var- 
nish, 3 coats 

All okeh 

61 

Cypress 

Upper 2 Boards 
Lower 2 Boards 
Right half of 
panel 

Left half of 
panel 

Vermilion Paint, 1 coat 
Lampblack, 1 coat 

Then coated with White 
Paint, 3 coats 

Coated with Spar Var- 
nish, 3 coats 

All okeh 

62 

White Pine 

Upper 

Lower 

Lampblack, 1 coat; then 
White Paint, 3 coats 
Bare, then White Paint, 
3 coats 

■ 

Slight checking 
noted over 
lampblack 

TABLE 72. 

Series VIII — Special Tests 

Panel 

No. 

Description 
of panel 

Section 
of panel 

Treatment 

Condition after 

4 months’ exposure 

.'68 

White Pine 

1st Board 

2nd Board 

3rd Board 

4th Board 

Red Paint, 3 coats 

Green Paint, 3 coats 
Yellow Paint, 3 coats 
Black Paint, 3 coats 

All okeh 

64 

White Pine 

Upper 2 Boards 

Lower 2 Boards 

Red Oxide Machine 
Ground, 3 coats 

Red Oxide Hand Mixed, 
3 coats 

All okeh 

65 

White Pine 

Upper 2 Boards 

Lower 2 Boards 

White Paint Pure Oil, 
3 coats 

White Paint Foots Oil, 
3 coats 

All okeh except 
where birdshot 
have penetrated 

2 upper boards 

66 

White Pine 

1st Board 

2nd Board 

3rd Board 

4th Board 

White Paint B-T-X 
Yellow Paint B-T-X 
Gray Paint B-T-X 

Blue Paint B-T-X 

All okeh 

67 

White Pine 

1st Board 

2nd Board 

3rd Board 

4th Board 

White Paint L-Z-X 
Yellow Paint L-Z-X 
Gray Paint L-Z-X 

Blue Paint L-Z-X 

All okeh 

68 

White Pine 

Upper 2 Boards 
Lower 2 Boards 

Spar Varnish, 6 coats 
Linseed Oil, 5 coats 

Disappeared 
from test rack 
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TABLE 73. 

Additional Tests Exposed June 8, 1919 


Panel 

No. 

Description 
of panel 

Section 
of panel 

Treatment 

Condition after 

4 months' exposure 

69 

White Pine 

1st Board 

2nd Board 

3rd Board 

4th Board 

White Paint B-T-XX 
Yellow Paint B-T-XX 
Gray Paint B-T-XX 
Blue Paint B-T-XX 

All okeh 

70 

1 Cypress 

1st Board 

2nd Board 

3rd Board 

4th Board 

White Paint M-L 

Yellow Paint M-L 

Gray Paint M-L 

Blue Paint M-L 

All okeh 

1 

1 

Cypress 

1st Board 

2nd Board 

3rd Board 

4th Board 

White Paint N-L 

Yellow Paint N-L 

Gray Paint N-L 

Blue Paint N-L 

All okeh 


TABLE 74. 

Additional Metal Tests Exposed June 8, 1919 


Panel 

No. 

Description of 
panel 

Section 
of panel 

Treatment | 

Condition after 

4 months’ exposure 

28 

Steel Sheet 
(Parkerized) 

Upper 

Lower 

Vermilion Paint, 3 coats 
Bare 

Okeh 

♦ 

29 

Steel Sheet 
(Parkerized) 

Upper i 
Lower 

Spar Varnish, 3 coats 
Bare 

Okeh 

30 

Open Hearth Steel 
(Black Sheet) 


1 coat Primer No. 1 over 
total surface, then 2 
coats Finish No. 3 on 
upper diagonal half 

Okeh 

31 

Open Hearth Steel 
(Black Sheet) 

. 1 

1 coat Primer No. 2 over 
total surface, then 2 
coats Finish No. 4 on 
upper diagonal half 

Okeh ' 


•Very slight pin hole Viist spots. Surface is rough and has assumed a light gray color. 
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Examination of Tests after One Year's Exposure , — 
The test panels exposed were again examined on May 17, 
1920, after a period of exposure of one year. Some very 
interesting developments had taken place during that 
time. After the inspection the panels were rearranged 
for further exposure. The results of inspection are pre- 
sented below. 



Fla. 22 

BACK OF PANEL No. 2 

Test Itlustratlno Great Durability of Tin Plate Coated with Varnish. 
Lower Portion Showing Decay' was Unprotected. 
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Fig. 23 

BACK OF PANEL No. 6 

Teat llUiatratlng Great Durability of Tin Plate Coated with Varniah 
Lower Portion Showing Decay wai Unprotected. 
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TABLE 75. 
Series I— -Tin Plate 


Panel 

No. 

Description 
of Panel 

Section 
of Panel 

Tneatment 

Condition after 
exposure for 1 year 

1 

E-X (Tin Coated) 

Upper 

Lower 

Vermilion Paint, 3 coats 
Bare 

Okeh 

Very rusty 

2 

E-X (Tin Coated) 

Upper 

Lower 

Spar varnish 

Bare 

Slight rust spot at 
center 

Very rusty 

3 

E-X (Tin Coated) 

Upper 

Lower 

Collodion Dope D, 1 

coat - ! 

Bare 

Film scaled off. Some 
rust 

Very rusty 

4 

A-P 40 lb. 

( Heavy Tin Coated ) 

Upper 

Lower 

Vermilion Paint, 3 

coats 

Bare 

Okeh 

Few small pin-hole rust 
spots 

5 

A-P 40 lb. 

( Heavy Tin Coated ) 

Upper 

Lower 

Spar Varnish, 3 coats 

Bare . 

Okeh 

Few small pin-hole rust 
spots 

6 

i A-P 40 lb. 

(Heavy Tin Coated) 

Upper 

Lower 

Collodion Dope N, 1 

coat 

Bare ' 

Film scaled off but no 
rust 

Few small pin-hole rust 
* spots 


One-half of the back surface of each panel from No. 1 to No. 6 was originally 
^given one coat of spar varnish. Being protected from direct sunlight, the varnish 
stood up in most excellent condition, preserving the underlying surface of the 
panels from corrosion. The uncoated portion showed even greater corrosion than 
the upper sides which were exposed to sunlight. This is probably due to the 
constant presence of moisture on the unexposed surfaces. The moisture had. 
however, but little effect upon the spar varnish in the absence of direct sunlight, 
although only one coat was used as contrasted with three coats on the surfaces 
exposed to the sun. These tests indicate that sunlight is probably the most de- 
structive factor in the decay of varnish films. They also indicate the great value 
of varnish iiilpreserving tin plate or other metals from corrosion. Even the 
heaviest coated tin plate requires surface protection. 
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Pig. 24 

Tests lllustrsting Durability of Paliktod or Varnished Tin plate. Lower 
Portions Showing Rust were Unprotected. See Series I. 
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TABLE 76. 


Series II — Black Iron Metal Powder Tests 


Panel 

No. 

Description 
of Panel 

Section 
of Panel 

Treatment* 

Condition after 
exposure for 1 year 

7 

Open Hearth Steel 

1 (Black Sheet) 

Upper 

Lower 

Aluminum Powder in 
Spar Varnish, 2 coats 
Aluminum Powder in 
Linseed Oil, 2 coats 

Okeh 

A few pin-hole rust 
spots 

8 

Open Hearth Steel 
(Black Sheet) 

Upper 

Lower 

1 

Aluminum Powder in 
Collodion Dope D, 2 
coats 

Bare 

A few slight rust spots 

Very rusty 

9 

Open Hearth Steel 
(Black Sheet) 

Upper 

Lower 

Zinc Powder in Spar 
Varnish, 2 coats 

Zinc Powder in Linseed 
Oil, 2 coats 

Okeh 

A few slight rust spots 

lo" 

Open Hearth Steel 
(Black Sheet) 

Upper 

Lower 

Zinc Powder in Collo- 
dion Dope D, 2 coats 

Bare 

Scaled off in many 
spots 

Very rusty 


These tests indicate that aluminum powder and zinc powder are both valuable 
metal protectives, but it is apparent that spar varnish or linseed oil are better 
liquids for exterior exposure than collodion dope, especially in the case of the 
zinc powder. The very much greater durability of collodion dope containing 
aluminum powder as compared to clear collodion dope on panel No. 3 or No. 6 
should be give* attention. The aluminum powder present in the dope has a direct 
effect in reflecting the sun's rays and thus protecting the dope film from decay. 
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Flq. 25 

Tests Illustrating Qrsat Durability of Painted or Varnished Wood. Lov/er 
Portions Showing Decay were Unprotected. See Series V. 
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TABLE 77. 

Series III — Special Metal Tests, Including Galvanized Sheets 


Panel 

No. 

Description 
of Panel 

Section 
of Panel 

Treatment 

Condition after 
exposure for 1 year 

11 

Open Hearth Steel 

Upper 

Spar Varnish, 3 coats 

Film nearly gone 


(Galvanized) 

Lower 

Bare 

Okeh 

12 

Open Hearth Steel 

Upper 

Linseed Oil, 3 coats 

Okeh 


(Galvanized) 

Lower 

Bare 

Okeh 

13 

Open Hearth Steel 
(Galvanized) 

Upper 

Copper brushed, then 
vei-milion paint, 3 
coats 

Film showing slight 
scaling 



Lower 

Bare 

Okeh 

14 

Open Hearth Steel 

Upper 

Vermilion paint, 3 co^ts 

Okeh 


(Black Sheet) 

Lower 

Bare 

Very rusty 

15 

Copperized Steel 
(Galvanized) 

Upper 

Copper brushed, then 
vermilion paint, 3 
coats 

Film showing slight 
scaling . 



Lower 

Bare 

Okeh 

-Te 

Copperized Steel 

Upper 

Vermilion paint, 3 coats 

Okeh 


(Black Sheet) 

Lower 

Bare 

Very rusty 

17 

R-R Iron 

(Galvanized) 

Upper 

Copper brushed, then 
vermilion paint, 3 
coats .'~. 

Okeh 



Lower 

Bare 

Okeh _ 

18 

R-R Iron 

Upper 

Vermilion paint, 3 coats 

Okeh 


(Black Sheet) 

Lower 

Bare 

Very rusty 

19 

R-R Iron 

I'pper 

Vermilion paint, 3 coats 

Okeh 


(Heavy Tin 
Coating) 

Lower 

Bare 

Badly spotted with rust 


In this series of tests the value of a paint coating in protecting metal from 
corrosion is demonstrated. It is apparent that even the highest grades of care- 
fully made black sheets cannot be exposed for even a short period without surface 
protection. Tests Nos. 11 and 12 show that linseed oil has a logger life than spar 
varnish, although the varnish is initially more water-resisting. 
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Fig. 2d 


Detail View of Unprotected Wood Panel. See Series V. 
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TABLE 78. 

Series IV — War Paints on Metal 


Panel 

No. 

Description 
of Panel 

Section 
of Panel 

Condition after 

Treatment exposure for 1 year 

20 

Open Hearth Steel 
(Black Sheet) 

Upper 

Lower 

Spar Varnish (W. D. 

6), 3 coats 

Bare 

B'ilm disintegrated and 
rust developed 

Very rusty 

21 

Open Hearth Steel 
(Black Sheet) 

Upper 

Lower 

Spar Varnish, 3 coats. 

Linseed Oil, 3 coats . .. 

Film disintegrated and 
rust developed 

Rusty below oil film but 
film is in good condi- 
tion 

22 

Open Health Steel 
(Black Sheet) 

Upper 

Lower 

Camouflage 0. R. 333, 

3 coats 

Camouflage N. 0. R. 
334, 3 coats 

Okeh 

Okeh 

23 

Open Hearth Steel 
(Black Sheet) 

Upper 

Lower 

Yellow W. D. 37 iftid 
Olive Green W. D. 
33 Projectile Paints, 

3 coats 

Blue W. D. 34 and 
Black W. D. 38 Pro- 
jectile Paints, 3 coats 

These four paints show 
very dull surfaces. 
Only a very few 
slight rust spots dis- 
cernible 

' 2A 

Open Hearth Steel 
(Black Sheet) 

Upper 

Lower 

Brown Enamel Prim- 
er W. D. 13, 1 coat; 
Red Oxide W. D. 11 
2 coats 

Okeh 

25 

Open Hearth Steel 
(Black Sheet) 

Upper 

Lower 

Reinforced Red Lead 
Ready Mixed W. D. 

40, 3 coats 

Red Lead Hand Mixed, 
3 coats 

Okeh but slightly dull 

Okeh 

26 

Open Hearth Steel 
(Black Sheet) 

Upper 

Lower 

Helmet Paint, 3 coats 
Navy Camouflage, 
Gray, 3 coats 

Heavy checking 

Okeh 

27 

Open Hearth Steel 
(Black Sheet) 

Upper 

Lower 

Standard Olive Drab W. 

D. 28, 3 coats 

Quick Drying Olive 
Drab W. D. 29, 3 coats 

Okeh 

Few slight pin-hole rust 
spots 


Test No*. 23 indicates the value of grinding pigments in spar varnish to in- 
crease the durability of the coating. The light reflecting value of the pigment 
accomplishes the purpose of protecting the varnish film from decay. 
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NEW EXPOSURE TESTS AT ATLANTIC CITY 


TABLE 79. 

Series V — Wood Panel Tests* 


Panel 

No. 

Description 
of Panel 

Section 
of Panel 

Treatment 

Condition after 
exposure for 1 year 

50 

White Pine 

Tipper 

Lower 

White Paint 3 coats 
Bare 

Painted o r varnished 
wood surfaces are in 
generally excellent 
condition. Uncoated 
wood surfaces are 
rough, pitted, weatli- 
er-etched, and cover- 
ed with spots of black 
fungus growth. 

51 

Yellow Pine 

Upper 

Lower 

White Paint, 3 coats 
Bare 

52 

Cypress 

1-Pper 

Lower 

White Paint, 3 coats 
Bare 

53 

Red Wood 

Upper 

Lower 

White Paint, 3 coats 
Bare 

54 

White Pine 

Upper 

Lower 

Spar Varnish, 3 coats 
Bare 

55 

Yellow Pine 

Upper 

Lower 

Spar Varnish, 3 coats 
Bare 

56 

Cypress 

TTpper 

Lower 

' • — 

Spar Varnish, 3 coats 
Bare 

57 

Red Wood 

Upper 

Lower 

Spar Varnish, 3 coats 
Bare 


TABLE 80. 

Series VI — War Paints on Wood 


Panel 

No. 

Description 
of Panel 

Section 
of Panel 

Treatment 

Condition after 
exposure for 1 year 

58 

Cypress 

Entire Panel 

Upper 

Lower 

Primed with Red Lead, 
then: 

Exterior Paint, Pearl 

Gray W. D. 50, 3 coats 
Exterior Fire Resisting 
Paint, Gray Green W. 
D. 21, 3 coats 

Okeh. Moderate 
chalking only 

i 

Cypress 

• 

Entire Panel 

Upper Board 1 

Upper Board 2 

Lower Boards 

1 and 2 

Primed with Red Lead, 
then; 

Anti-Actinic Wing Enam- 
el Army Olive Drab, 
3 coats 

Anti-Actinic Wing En&m- 
el Light Gray, 3 coats 

Anti- Actinic Wing Enam- 
el Semi-Flat Navy De- 
partment Aero. Spec. 
C. & R. No. 3, 3 coats 

Okeh, except 
where bird shot 
have penetrated 
2 upper boards 
Moderate chalk- 
ing developed 

59 


* *The coated portions of these G panels only, received after the inspection and photo- 
graphic work on May 17, 1920, one additional coat of surface protection. 
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Fig. 28 

Twti liiuttrating Great Durability of Painted or Varnlehed Wood. Lower 
Portfona Showing Docay were Unprotected. See Series V. 
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TABLE 81. 

Series VIl — Special Primer Tests on Wood 


Panel 

No. 

Description 
of Panel 

Section 
of Panel 

Treatment 

Condition after 
exposure for 1 year 

60 

Yellow Pine 

I 

Upper 2 Boards 
Lower 2 Boards 
Right half of 
panel 

Left half of 
panel 

Vermilion Paint, 1 coat 
Lampblack, 1 coat 

Then coated with White 
Paint, 3 coats 

Coated with Spar Varnish, 
3 coats 

White paint 
checking over 
black and red. 
Panel removed 
for laboratory 
study 

61 

Cypress 

Upper 2 Boards 

1 Lower 2 Boards 
Right half of 
panel 

Left half of 
panel 

Vermilion Paint, 1 coat 
Lampblack, 1 coat 

Then coated with White 
Paint, 3 coats 

Coated with Spar Varnish, 
3 coats 

Okeh 

62 

White Pine 

Upper 

Lower 

Lampblack, 1 coat; then 
White Paint, 3 coats 
Bare, then White Paint, 
3 coats 

Heavy checking . 
noted over lamp- 
black. Panel re- 
moved for labo- 
ratory study 




> • 
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TAHLE 82. 

Series VIII — Special Tests 


Panel 

No. 

Description 
of Panel 

Section 
of Panel 

Treatment 

Condition after 
exposure for 1 year 






63 

White Pine 

If.t Board 

2nd Board 

3rd Board 

4th Board 

Red Paint, 3 coats 

Green Paint, 3 coats 
Yellow Paint, 3 coats 
Black Paint, 3 coats 

Panel removed 
for laboratory 
study of ther- 
mal properties 

64 

White Pine 

Upper 2 Boards 

Lower 2 Boards 

Red Oxide Machine 
Ground, 3 coats 

Red Oxide Hand Mixed, 

3 coats 

Okeh 

66 

White Pine 

Upper 2 Boards 

Lower 2 Boards 

• 

White Paint Pure Oil, 

3 coats 

White Paint Foots Oil, 

3 coats 

Good condition 
except where 
birdshot have 
penetrated 2 up- 
per boards. 

Panel removed 
for laboratory 
study 

66 

White Pine 

1st Board 

2nd Board 

3rd Board 

4th Board 

White Paint B-T-X 

Yellow Paint B-T-X 

Gray Paint B-T-X 

Blue Paint B-T-X 

Very slight 
checking and 
moderate chalk- 
ing. Few slight 
scale spots at « 
joints 

67 

White Pine 

1st Board 

2nd Board 

3rd Board 

4th Board 

White Paint L-Z-X 

Yellow Paint L-Z-X 

Gray Paint L-Z-X 

Blue Paint L-Z-X 

Very slight 
checking and 
moderate chalk- 
ing. Few slight 
scale spots at 
joints 

68 

White Pine 

Upper 2 Boards 
Lower 2 Boards 

Spar Varnish, 5 coats 
Linseed Oil, 6 coats 

Disappeared 
from test rack 
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TABLE 88. 

Additional Tests Exposed June 8, 1919 


Panel 

No. 

Description 
of Panel 

Section 
of Panel 

Treatment 

Condition after 
exposure for 11 mos. 

69 

White Pine 

ist Board 

2nd Board 

3rd Board 

4th Board 

I 

White Paint B-T-XX 
Yellow Paint B-T-XX 

Gray Paint B-T-XX 

Blue Paint B-T-XX 

Panel broken 
from test rack 

70 

Cypress 

1st Board 

2nd Board 

3rd Board 

4th Board 

White Paint M-L 

Yellow Paint M-L 

Gray Paint M-L 

Blue Paint M-L 

Fairly good con- 
dition. Slough- 
ing off at few 
spots. Consider- 
a b 1 e chalking. 
Tints show 
slight fading 
probably due to 
chalking 

71 

Cypress 

i 

1st Board 

2nd Board 

3rd Board 

4th Board 

White Paint N-I* 

Yellow Paint N-L 

Gray Paint N-L 

Blue Paint N-L 

Fairly good con- 
dition. Moderate 
chalking. Hard- 
er film and bet- 
ter tints than 
No. 70 
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TABLE 8L 

Additional Metal Tests Exposed June 8, 1919 


Panel 

N«. 

Description 
of Panel 

Section 
of Panel 

1 

Treatment 

Condition after 
exposure for 11 months 

28 

Steel Sheet 
(Parkerized) 

Upper 

Lower 

1 Vermilion Paint, 3 

coats 

Bare 

Okeh. Holding paint 
well 

Very rough surface and 
covered with small 
reddish brown rust 
spots 

29 

Steel Sheet 
(Parkerized) 

Upper 

Lower 

Spar Varnish, 3 coats 

Bare 

Okeh. Holding var- 
nish well. 

Very rough surface and 
covered with small 
reddish brown rust 
spots 

30 

Open Hearth Steel 
(Black Sheet) 

1 

« 

1 coat Primer No. 1 
j over total surface, 

' then 2 coats Finish 
i No. 3 on upper di- 
agonal half 

Very few slight pin- 
hole rust spots on 
primer but black 
painted surface is in 
excellent condition 
with no rust present 

31 

Open Hearth Steel 
(Black Sheet) 


1 coat. Primer No. 2 
over total surface, 
then 2 coats Finish 
No. 4 on upper dia- 
gonal half 

Disappeared from 
test rack 



CHAPTER XV. 


Production of Rosin Tung Esters (Tunga Resin) 

In the Open Varnish Kettle and Their Application 
in Varnish Manufacture. 

Esters of rosin, commonly known as ester gums, are 
widely used in the manufacture of varnishes. Although 
some varnish manufacturers may be producers of these 
esters, it is the practice of others to purchase them. In 
this paper there is presented an outline of a research 
that has resulted in the production of an ester-like resin 
of low acid value, suitable for the manufacture of highly 
water resisting and other types of varnishes. The fact 
that this resin, which for purposes of identification the 
author has called ‘Tunga Resin,” may easily be pro- 
duced in an open kettle will probably be of special interest 
to the varnish maker. 

The usual process of making esters is to heat rosin 
under special conditions and in special apparatus, with 
from 109; to 18'/ of its weight of glycerin until a clear 
esterified resin results. It should be pointed out that while 
the aim of producers of ester gums may be to form the 
tri-glyceride of rosin, the mono- and di-glycerides may also 
result. The chart below indicates the theoretical amount 
of glycerine necessary to produce the various glycerides, 
assuming that rosin consists wholly of abietic acid* 

Abietic Acid (Rosin) Glycerin 

C,oHaoC, CjH^COH), 

Molecular Weight 302 Molecular Weight 92 

100 parts by weight require 30,5 parts by weight to form the monoglyceride 
100 parts by weight require 16.26 parts by weight to form the diglyceride. 

100 parts by weight require 10.17 parts by weight to form the triglyceride 

\ search of patent records referring to the production 
of ester gums and their use is very briefly presented be- 
low.’ In the various processes described in the patents re- 
ferred to, the main purpose in some appears to be that of 
effecting the combination of glycerin and rosin under such 
q^itions as will exclude contact with air, and that will 
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eliminate the water formed during the process. This 
latter condition is referred to in most of the patents cited. 
Other modifications are stated, such as heating the rosin 
before combining it with the glycerin, presumably for the 
formation of rosin anhydride; distilling off the volatile 
or softer portion of the resin; and formation of com- 
pound esters of rosin and fossil resins. For the most part, 
the patents cover the manufacture of esters under pres- 
sure, although some describe the manufacture without 
pressure. Apparatus that will remove by suction the 
water formed by the esterification and provision for the 
presence of neutral gases which will exclude contact with 
air are outlined in others. Reference is also made to the 
advantages of using an excess of glycerin, indicating that 
better combination is thus effected. Some patents refer 
also to the addition of lime after the ester has been 
formed, in order to lower the acid value to a point below 
that formed by the ester. The combining temperatures 
referred to in the patents range from 280® C. to 300® C. 
for rosin-glycerin combinations, and up to 320“ C. for the 
fossil resin combinations. 

Class 1. 


Esters Produced by a Combination of Rosin or Resin 
Acids with Glycerin. 

U. S. Patent to Eugene Schaal, No. 335,486 of /eb. 2, 
1886. Manufacture of Resin Acid Ethers; and. reis- 
sued letters patent to Eugene Schaal, No.. 10,823, 
dated March 29, 1887 (original No. 336,485, dated 
Feb. 2, 1886), Manufacture of Resin Acid Eth^s. 
Rosin and other acid resins are distilled in vacuo to 
drive off volatile and soft constituents. Glycerin or 
other alcohols are added, and heating is continued 
with or without pressure. Water is eliminated and 
esterS are produced. These may be subjected to idis- 
tillation to separate them into soft or hard resinous 
products. Acid or acid salts favoring the above re- 
actions may be employed in the process. 
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U. S. Patent to Eugene Schaal, No. 501,446, of July 11, 
1893, Manufacture of Resin Acid Esters, Discusses 
the art of making ester-like products from acid resins 
such as copal, anime, and similar resins, and rosin, 
by combination with alcohols or hydroxyl derivatives, 
such as glycerin, resorcin, mannite, phenol, cresols, 
and sugars. Combination is effected under pressure 
in an apparatus that will allow elimination by suc- 
tion of the aqueous vapors produced during the for- 
mation of the esters or ester-like products. The al- 
cohols eliminated are replaced by the introduction of 
a fresh supply, until the formation of the ester or 
ester-like product is completed. 

U. S. Patent to C, Ellis and Louis Rabinowitz, No. 1,226,- 
760, of May 22, 1917, entitled Process of Making 
Varnish Bases. Discusses the formation of resin 
anhydrides and combination thereof with glycerin to 
form esterified resins. The use of various gases 
favorable to the reaction is claimed. • 

U. S. Patent to Henry Terrisse, No. 1,236,996, of Aug. 14, 
1917, entitled Esterified Fossil Resin and Process of 
Making Same. Discusses the art of making glycerin 
esters from acid fossil resins. Process consists of 
first depolymerizing or solubilizing the fossil resin, 
preferably by heating under pressure in an autoclave, 
with or without the addition of naphthalene or phe- 
nol ; then combining this depolymerized resin with 
glycerin or other high boiling alcohol with or without 
pressure and to such temperatures as will effect com- 
bination. 

U. S. Patent to C. Ellis No. 1,242,161, of October 9, 1917, 
entitled Process of Making Varyiish Material. The 
process refers to the esterification of rosin and 
ottiyir acid resins such as copal with glycerin or sim- 
il^ materials in the presence of finely divided alumi- 
num or aluminum salts. Resins may first be 
^‘cracked'' to render them soluble in oil. After esteri- 
fication, the ester may also be “cracked.” 
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Class 2. 

Patents Referring to the Esterification of Acids Other 
Than Rosin or Hard Resin Acids. 

U. S. Patent to William C. Arsem, No. 1,098,776, of June 
2, 1914, Resinous Condensation Products and Process 
of Making the Same. Relates to the esterification of 
organic acids particularly the polybasic acids, with 
glycerol and other polyhydric alcohols. Such 
organic acids as thallic acid and succinic acid are 
referred to. Explains the combination of glycerin 
with these acids, in essentially molecular proportions. 
Further refers to the combination of the esters of 
thallic acid with rosin. 

U. S. Patent to Edward S. Dawson, Jr., No. 1,085,112, of 
Jan. 27, 1914,. A Resinous Condensation Product. 
Relates to the production of a composition suitable 
as an impregnating varnish or insulating material, 
by producing a glycerin or similar ester with citric 
acid. Descriptive formula is given, showing method 
of forming ester of citric acid and glycerin in the 
presence of a fiexibilizing agent such as meta-dini- 
trobenzol, ethyl benzoate, acetanilid or beta-napthol. 

U. S. Patent to Reinhold Fruter, No. 1,196,673, of Aug. 
22, 1916, entitled Varnish, Lacquer or the Like, and 
Process of Making Same. Relates to a process of 
making varnishes or lacquers by combining nitro- 
cellulose with esters of lactic acid in conjunction with 
hydrocarbons. Patent indicates that lactic acid esters 
are excellent solvents for the organic cellulose esters 
and for various resins such as rosin, shellac, copal 
and sandarac, all of which may be used jip certain of 
the processes. , 


Class 3. 

Patents Relating to Products Which Include the Use of 
Rosin-Glycerin Esters In Their Manufacture, But Do 
Not Include or Refer to the Production of These Esters. 

U. S. Patent to William Painter, No. 684,621, of Oct. 15, 
1901, entitled CoinposiUon of Matter. Relates to a 
composition of matter consisting of glue or gelatine 
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mixed with water-insoluble substances such as waxy, 
resinous, oily or pitchy substances. Illustrative for- 
mula stipulates the use of ester-gum and vaseline as 
the water-insoluble materials. The addition of 
glycerin is also referred to as an added ingredient. 

U. E. Patent to C. Ellis, No. 1,189,550, of July 4, 
1916, entitled Coating Composition. A coating com- 
pound for cement surfaces, consisting essentially of 
unsaponifiable resinous bodies among which are resin 
esters. 

U. S. Patent to C. Ellis No. 1,189,551, of July 4, 
1916, entitled Treating Concrete. A coating com- 
pound for cement surfaces, in which resin esters may 
be used as an ingredient. 

U. S. Patent to Charles A. Hollenbeck and Aaron C. Horn, 
No. 1,190,765, of July 11, 1916, en^tled Waterproof 
Varnish Composition and Process of Making Same. 
Hard varnish resins, including rosin esters, may be 
melted and heated to render soluble in a varnish 
liquid. After cooling they may be remelted and in- 
corporated with sulfured Chinese wood oil, a drier 
and thinner. 

U. S. Patent to Henri Terrisse, No. 1,214,611, of Feb. 
6, 1917, entitled Manufacture of Varnishes, Paints 
and Other Protective or Coating Preparations. Re- 
lates to the productic^i of a liquid suitable for use as 
a varnish or paint liquid, made by combining esteri- 
fied Congo copal prepared in accordance with specifi- 
cation Serial No. 23,164, filed April 22, 1915, U. S. 
Patent No. 1,236,996, dated Aug. 14, 1917 (referred 
to in Class 1) with suitable d^ing oils and driers and 
thinning with suitable volatile thinner. 

/S 

Characteristics of Marketed Esters. — As is well known, 
commercial rosih has an acid value usually approaching 
150 and is readily dissolved by ethyl alcohol, while rosin 
that is well esterified will have an acid value of not over 
20, and will be very resistant to the action of alcohol. 
Those of low acid value are preferred as they make sub- 
stantially neutral varnishes that have much less tendency 
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to thicken with basic pigments iham varnishes of high 
acid value.* Unfortunately, however, some products 
marketed as ester gums, apparently consist almost wholly 
of uncombined rosin. The laboratory examination of six 
samples recently obtained is of interest in this connection : 


TABLE 85. 

COMMERCIAL ESTERS. 


m. 

Brand 

Acid ft 
In 

Alcohol 

Fumbers 
in 1 
Alcohol 
and 
Benzol 

Color 

Action of 

Alcohol 

1 


161.2 

168.9 

Very pale 

Dissolves readily and 
completely in cold. 

2 


100.8 

119.6 

Light in color. 
Opaque. 

Dissolves readily and 
completely in cold. 
Solution is milky. 
(Colloidal solu- 
tion.) 

3 


18.8 

27.4 

Medium light 
color. 

Opaque. 

Partially dissolved by 
alcohol. Solution 
. dark in color. 

4 


16.4 

22.3 

Medium light 
colon 

Unaffected by alcohol. 

5 


12.9 

17.2 

i 

Medium light 
color. 

Unaffected4)y alcoho}. 

6 


6 . 

8.18 

Very pale 
color. 

Slightly 

cloudy. 

Softeifed to a consid- 
erable ext0it by al- 
cohol but not dis- 
solved. 


The light color of all of the above samples indicates that 
they were made in the absence of air, probably in vacuo. 
When those of low acid value were heated to 475° F., they 

^Thickening* of enamel paint may often be due to the use of varnishes 
®f .high acid value. • Varnishes of low acid value but having the Incorrect 
degree of colloidal viscosity may be so adsorbed by the pigments as to 
cause similar phenomena. 


218 





PRODUCTION OF ROSIN TUNG ES113RS (TUNGA RESIN) 


became very dark. All of those of high acid value are 
readily affected by alcohol. Those of low acid value are 
practically unaffected by alcohol with the exception of 
No. 6. liime was found present in some of those of low 
acid value. When fragments of the samples were placed 
on a table and subjected to the pressure of the thumb, 
most of them broke down to a very fine, fluffy powder 
that was markedly less crystalline than rosin treated in a 
similar manner. 

Experimental . — The fact that in the presence of tung 
oil a combination of glycerin and rosin could be satisfac- 
torily effected in an open kettle without special apparatus, 
has for some time been known by the writer and his as- 
sistants.* A series of experiments just completed has in- 
dicated that when a mixture of rosin and glycerin is heat- 
ed together in the presence of tung oil, j)ossible combina- 
tion may occur either of the glycerin with the rosin or of 
the glycerin with the tung oil. The character of the re- 
sulting product also indicates whether the glycerin first 
combines with the rosin or with the tung oil, or whether a 
combination of these two is simultaneously effected. The 
experiments also indicated that the presence of lime or 
lime soaps greatly accelerates the reactions. The more 
important of the experiments, together with some tests 
indicating the effect of lime upon rosin, are presented be- 
low. The experiments showing the methods of producing 
the low acid value tung esters are followed by experi- 
ments showing how the reactions involved may be applied 
to the production of three different classes of varnish. 

In the experiments reported, the losses during heating 
were^ determined by weighing the material used and 
reweighing the material after cooking. The difference 
considered as fume loss. In Experiments 12 and 14 
this loss was calculated only on the amount of rosin used. 
When lime was present in any of the experiments, a de- 
duction from the total loss, in amount equal to the hy- 


•Aoknowledgment is made to the contributing worlc of Mr. Max Y. 
Seaton. 
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droxyl group in the lime, was made. When glycerin was 
used in any of the tests, a similar deduction for the hy- 
droxyl group in the glycerin was made from the total loss. 
When lime and glycerin were used in any series, similar 
deductions were made. 


Experiment No. 12. 

Test made to determine the loss in weight when Rosin 
is raised to certain temperatures and whether the acid 
value of the remaining product is higher or lower than 
the original Rosin, 

The Rosin (W, G. grade) was heated in 15 minutes to 
300'" F, and held at that temperature for 15 minutes. It 
was then raised in 20 minutes to 1^75^ F. and held at that 
temperature for 1 hour. 

Resulting product dark brown. 

Fume loss 21%. 

Acid value (in alcohol) of original rosin, 158.5 

Acid value (in alcohol) of resulting heated rosin 155.6 

The results indicate that the volatile portion was of 
about the same acidity as the non-volatile residue. 
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Experiment No. 14. 


Test made to determine the loss in weight on heating 
Rosin and the acid value of resulting product. 

The Rosin was heated in 9 minutes to S50° F, cmd held 
at that temperature for 15 minutes. It was then raised 
in 11 minutes to 525" F, It was then allowed to drop in 
5 minutes to 1^75" F, and held at that temperature for 45 
minutes. 


Resulting product dark brown. 

Fume loss 19 ^/t. 

Acid value (in alcohol) of original rosin 158,5 

Acid value (in alcohol) of resulting heated rosin 156,5 


The results indicate that the acid valwe of the rosin was 
not materially decreased by this heating. 

Experiment No. 18. 

Test made to determine effect of Lime on the fume loss 
and acid value of Rosin heated to certain temperatures. 
The Rosin was heated in 5 minutes to 350" F, 6% of 
lime was added and the mass raised and held at 500" F, 
for 15 minutes. 


Resulting product brown in color. Fairly hard. 

Fume loss (less water from lime) 7%, 

Acid value (in alcohol) of original rosin 158,5 

Acid value (in alcohoUbenzol) of resulting heated- 
linkd rosin 78,5 


The results indicate lower fume loss and lower acid 
value when rosin is limed. The results check closely with 
factory practice on a large scale. 
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Experiment No. 22. 

Test made to determine if Glycerin will combine with 
lime hardmsed rosin in an open kettle. The limed Rosin 
produced in Experimemt iW*. was used. 

The limed Rosin was heated in 20 minutes to ^tT F. 
t2% of Glycerin was added. The mass was then raised in 
20 minutes to W F. at which temperature it became 
clear. It was then raised in 10 minutes to SOO'" F. 

Resulting product dark brown. 

Fume loss (less water in glycerin) 5.6^/t . 

Acid value (in alcohol-benzol) of original limed 

rosin 78.5 

Acid value (in alcohol-benzol) of resulting product... 61. 

The results indicate that some combination occurred^ 
the acid value being decreased considerably. 

Experiment No. 24. 

Test made to determine whether Rosin and Glycerin 
combine under certain conditions in the absence of other 
ingredients. 

The rosin was heated in 20 minutes to ^50° F. when 
became clear. 

15% of glycerin was added and the mass held at that 
temperature for 10 minutes. * 

The mass was then raised in 30 minutes to 1^30'', When 
it became cUar. " . 

The mass was then raised in 5 minutes to k75'' F. and 


held at that temperature for 45 minutes. 

Resulting product dark brown. 

Fume loss (rosin and glycerin) 27%. 

Acid valuef(in alcohol) of original Rosin. 15g.5 

Acid value (in alcohol) of resulting product 141.6 


The results' indicate that som^ combination was effected. 
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Experiment No. 26 . 

Test made to determine the influence of a small amount 
of Tung Oil in accelerating the combination of the Rosin 
and Glycerin, 

The Rosin with 5% of Tung Oil was heated in 10 mm- 
utes to 300° F, 15% of glycerin wa^ added. The mass 
was then held at 300° F, for 15 minutes. 

The mass was raised in 15 minutes to i60° F. It be- 
came clear. 

The mass was raised in 10 minutes to ^75° F, and held 


at that temperature for Jf5 minutes. 

Resulting product dark brown. 

Fume loss (Rosin and Glycerin) 22,5%, 

Acid value (in alcohol) of original Rosin 158,5 

Acid value (in alcohol) of resulting product 123, i 


Comparison with Experiment 2U shows that the pres- 
ence of Tung Oil in Experiment 25 stimulated the forma- 
tion of the ester. 


Experiment No. 26 . 

Test made to determine the influence of a small amount 
of Tung Oil in accelerating the combination of lime hard- 
ened Rosin and Gylcerin. 

The rosin was heated in 10 minutes to 350° F, 

6% of Lime was added, 1 

The mass was raised in 10 minutes to 500° F, 

10% of Tung Oil was added. 

The mass was cooled to 350° F, and 12% of Glycerin 
was added. 

It was raised to Ji>75° F, and held at that temperature 
for 30 minutes. Only slight fume was noted, 

Resulting product brown. 

Fume loss 12,6%,, 

Acid value (in alcohol) of original rosin * 158,5 

Acid value (in alcohol-benzol) of resulting product... 52,1 

It is apparent that the tung oil has to some extent ef- 
fected ester formation. 
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Experiment No. 27. 

Test to determine whether further heating of the prod'- 
uct made in Experiment 26 would lower the acid value. 

A portion of the resulting product produced in Expert- 
inent 96 was heated to 500’' F. for S hours. 

Color dark brown. 

Fume loss 11% 

Acid value (in alcohol-benzol) of product from Ex- 
periment No. 26 52.1 

Acid value (in alcohol-benzol) of tesulting product... 18.9 

Apparently some free resin acids are volatilized and in- 
dications are that further ester formation occurred, low- 
ering the acid value. 

«i 

Experiment No. 44. 

Test made to determine the effect of a larger amount of 
Tung Oil on the esterification of Rosin and Glycerin. 

The rosin with approximately 40 % Tung Oil was heated 
in 10 minutes to 500’' F. 

The mass was cooled in 10 minutes to 350’' F. and 15% 
of Glycerin was added. 

The mass was then heated to kSO’' F. when it became 
clear. 

The mass was raised in 7 minutes to h75’' F. and held 


at that temperature for 45 minutes. 

Color brown. 

Fume loss 15.1% 

. Acid value (in alcohol-benzol) of rosin and tung 

oil before addition of glycerin. 82.9 

Acid value (in alcohoUbenzol) of rosin and tung oil 

and glycerin mixture 77.9 

Acid value ( in alcohol-benzol) of fiml product after 
cooking 70.4 


The product was hard and very tough. 
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Experiment No 45. 

(Tunga Resin.) 

Test made to determine the effect of adding lime during 
the process of combining Rosin and Glycerin in the pres- 
ence of a moderate amount of Tung Oil, and maintaining 
a high temperature for a considerable period. 

The Rosin was heated with 15*/^ of Tung Oil in 10 min- 
utes to 350° F. 

6*/i of Lime was added and the mass heated rapidly to 
500° F. It was then cooled in 15 minutes to 350° F. 

20% of Glycerin was added. 

The mass was slowly raised in 1 hour to 500° F, and 
held at that temperature for 2 hours. 

Fume loss 204%. 

Color dark brotvn. 

Acid value (in alcohol) of resulting product 7.8 

Acid value (in alcohol-benzol) of resulting product... 16, 

The resulting product was very hard. 
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Experiment No. 46. 

(Tunga Resin.) 

Test made to determine the effect of adding Lime dur- 
ing the process of combining Rosin and Glycerin in the 
presence of a considerable amount of Tung Oil and main- 
taining a high temperature for a limited period. 

The rosin with hO% tung oil was heated in 20 minutes 
to 350^ F. 

6% of lime was added. 

The mass was raised in 12 minutes to 500° F, and held 
at that temperature for 7 minutes. 

The mass was cooled to 350° F, and 15% of glycerin 
was added. » 

The mass was then heated in 20 minutes to U30° F. 
when it became clear. 

The mass was raised in 10 minutes to i75° F, and held 
at that temperature for k5 minutes. 

Brown color. 

Fume loss 15%, 

Acid value (in alcohol) of residting product 20. Jh 

Acid value (in alcohol-benzol) of resulting product.^ 2^.1 

The above test indicates that glycerin combines more 
readily with rosin in the presence of Tung Oii if Lime is 
added and soaps then formed. Lime Tungates and Lime 
Resinates formed stimulated the ester formation 

Part of the resulting product from Experiment U5 was 
heated to 500° F. for 1 hour. It became lighter in color. 
It had antacid value (in alcohol) of 19 and (in alcohol^ 
benzol) of 19,6 
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Experiment No. 48 . 

(Tuq^ 

made to determine the effect of adding previously 
made Lime Soaps such as Calcium Tungate, upon the, 
combination of Rosin and Glycerin in the presence of 
Tung Oil 

Heated 80 parts of Tung Oil in 10 minutes to 350^ F, 

Added 12 parts of Lime and held at 350'’ for 20 min- 
utes. 

Flocculent Lime Tungate was formed and rose to the 
surface, later subsiding. 

Added 200 parts of Rosin. 

Raised temperature in 30 minutes to 425'’ F. The soape 
were dissolved. 

Dropped temperature to 350\ * 

Added 30 parts of Glycerin. 

Raised temperature in 20 minutes to 450’' F. when it 
became clear. 

Raised temperature in 7 minutes to 500° F. 

Cooled mass to 475° and held at that temperature for 
45 minutes. 

Color brown. 

Fume loss 8.3%. 

Acid value (in alcohol) of resulting product 21.8^ 

Acid value (in alcohol-benzol) of resulting product... 24 A 

Since the lime present in the above test was fully com- 
bined with the tung oil, it is probable that it could not 
havoi/iad any neutralizing effect upon the rosin. The lotv 
acid value of the product must therefore be attributed to 
glycerin ester formation with the rosin. The presence of 
lime tungate undoubtedly stimulated this esterification. 

The resin produced in this experiment waa hard and 
superior in many of its properties to most commercial 
esters. 
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Comparison of Commercial Rstefs and Prepared Tung 
Oil Rosin Esters (Tun'ga Resin,) 

Color, — The reaultiAg' V^oducts made by the methods 
described above were considerably darker in color than 
the esters described on page 218 (Table 85). It should be 
noted, however, tliat the commercial esters, although ini- 
tially light in color, became dark brown when heated to 
450” F. 

Powdering, — The low acid number esters produced 
(Tunga Resin) powdered in a manner similar to commer- 
cial esters, but showed greater toughness. 

Clarity, — ^The prepared esters (Tunga Resin) were 
very clear and did*not have the cloudy appearance of some 
commercial esters. When the commercial esters of cloudy 
appearance were heated, they became clearer and re- 
mained so on cooling. This would indicate that in the 
commercial esters there is some uncombined glycerin or 
perhaps occluded water. 

Effect of 4loohol — The effect of alcohol on the prepared 
esters (Tunga Resin) was similar to that on the commer- 
cial esters. Those having a high acid value were affected, 
while those having a low acid value were practically un- 
affected. One sample remained in nVnhnl fnr onp -frinTith 
without showing apparent effect. 

Observations Made During Tests, 

In the various experiments outlined above, the glycerin 
WAS usually added at about 350” F. and the temperature 
then gradually raised. When the glycerin was added to 
the melted rosin or rosin and tung oil, the mixture becahie 
milky and opaque when cooled on glass. This indicated 
an emulsion. The condition referred to persisted until 
the mass was heated for a. considerable period and prefer- 
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ably to 430“ F* or over,, when it cleared up. This point 
indicated that the glycerin was then combined. In the 
experiments in which but little combination or esterifi- 
cation was effected, the change from a cloudy to a clear 
condition was rapid. The mixtures containing tung oil, 
especially in the presence of lime, cleared gradually and 
progressively, the final end point being sharp. The mix- 
tures containing tung oil, especially in the presence of 
lime, cleared gradually and progressively, the final end 
point being sharp. 

Very small amounts of fume were given off at tempera- 
tures below 410“ F. Between 410“ and 430“ white fumes 
were given off in most instances. In one case a portion 
of the fumes was collected and found to contain glycerin. 
In those experiments in which esterification was slight,, as 
shown by the high acid values of the respiting products, a 
larger amount of fume was given off. In those experi- 
ments where esterification was marked, only a relatively 
small amount of fume was observed. As the percentage 
of tung oil was increased, the amount of fume was ap- 
parently decreased and the color of the product better 
maintained. 

In the experiments containing tung .)il, especially those 
having up to 407o of the amount of rosin present, a head 
or froth formed over the top during the heating process. 
This phenomenon, which would minimize the effect of air 
oxidation, is no doubt responsible to some extent for the 
low loss and somewhat light color of the product. 

It will be noted that the acid value of the products 
showing high acidity was usually determined by the alco- 
hol iwithod. This method is perhaps best with such pro- 
ducts since a large amount of alkali is required and the 
w^^ter present would make an emulsion if benzol were 
added. A sharp end ppint might thus be prevented. 

Resvits Indicated by Testa, 

(1). When rosin is heated with glycerin and tung oil, 
the combination effected is either one between the gly- 
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<;erin and the rosin to form a rosin ester or between the 
glycerin and the tung oil to form a corresponding amount 
of di- or mono-glycerides of tung oil. 

(2) . Theoretically rosin requires approximately 10 ^/( 
of glycerin to form a neutral tri-glyceride, assuming that 
there is no loss of glycerin during the heating process and 
that no glyceride other than the tri-glyceride is formed. 
It is probable, however, that during the process of heat- 
ing, the mono- and di-glycerides are formed together with 
the tri-glycerides. Moreover, it is apparent that some 
loss of glycerin invariably occurs, and it is therefore ad- 
visable to have present an excess of glycerin in order to 
form a neutral ester. 

(3) . The combination is greatly stimulated by the 
presence of lime soaps. 

(4) . The effect’ of the lime when present as a resinate 
or as a tungate, or a mixture of these, is similar but ap- 
parently much more rapid when present as a tungate. 
In the absence of lime soaps, the combination of the gly- 
cerin tends to be initially with the tung oil rather than 
with the rosin. 

(o) . In the presence of lime soaps the glycerin tends to 
combine largely with the rosin rather than with the tung 
oil. 

(6) . The activity of the Tung Oil in causing combina- 
tion between rosin and glycerin may be due to the emul- 
sifying properties of polymerized Tung Oil. A weH made 
emulsion would show a greater dispersion of the gly- 
cerin and cause more rapid combination thaii when no 
emulsion was present. 

(7) . It is apparent that the process as evolved (exper- 
iments 45-46-48) can be practically applied to the man- 
ufacture of a low acid rosin ester product (Tunga Resin) . 
Ordinary open varnish kettles may be employed without 
provision for pressure, vacuum or s|imilar arrangements. 
The best temperature to employ is not less than 476° F., 
-end maintenance of that temperature for from 30 to 60 
minutes. 
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(8) . With increase in tung oil content, decrease in 
fume loss is observed. The color of the resulting product 
is also better maintained. 

(9) . The speed of reaction is greatly affected by the 
quality of lime used and the care with which it is incor- 
porated. Some types of lime are not reactive. Freshly 
made lime that may easily be dissolved by melted rosin 
should be selected. It should be finely divided and must 
be sprinkled in slowly and thoroughly stirred. 

(10) . Esters produced by carrying on the process in 
vacuo with special apparatus for the removal of water, or 
in the presence of inert gases, may be light in color. 
These products, however, when heated up to the tempera- 
tures used in the manufacture of varnish, may darken 
immediately. This would indicate that for cooked var- 
nishes, esters produced without the special precautions 
and apparatus noted above would be quite as suitable. 

(11) . During the process of ester formation, various 
materials present undoubtedly act as catalyzers. The 
lime soaps of rosin, or of tung oil, as well as uncombined 
tung oil have been found by the writer to be excellent 
catalysts. They also enter into reactions that produce 
products of great toughness not possessed by ordinary 
ester gums. 

Application of the Pvocess to the Manufactuve of 
Varnishes, 

The production of waterproof varnishes in accordance 
with three procedures suggested by the above tests are 
brieflf outlined below. They are merely given as repre- 
sentative procedure. 

*It is apparent that when using the esterified rosin 
product referred to above in the manufacture of var- 
nishes, the best results will be obtained wheii there is 
used a fairly large percentage of tung oil during the pro- 
cessing. It should be borne in mind, however, that the 
temperature and length of time of heating required to 
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effect thorough esterification is higher and of longer du- 
ration than that usually used for treating tung oil var- 
nishes. This would suggest that the preferred procedure 
would be to add simply enough tung oil to effect combi- 
nation during the early stages of cooking. The balance 
and major portion of the tung oil may be added at the 
end of the cooking. With this procedure and utilizing the 
information developed from the above recorded experi- 
ments, three different varnishes were prepared. The ma- 
terials used in these varnishes and the methods of manu- 
facture are presented below. It will be noted that some 
turpentine in combination with mineral spirits is speci- 
fied as a thinner. During the thinning process the tur- 
pentine should first be added in order to effect a solution 
of the base in the turpentine and diffuse it and maintain 
the colloidal viscosity. The mineral spirits should then 
. subsequently be added as usual. 

Waterproof Spar Varnish, 

Materials (Parts by Weight). 


Rosin 

.100 

parts 

Tung Oil 

.240 

K 

Lime 

. 6 

(( 

Glycerin 

.. .. 20 

(1 

Lead Tungate Paste Drier 

.. .. 8 


Manganese Tungate Paste Drier 

14 

ii 

Tui*pentine - 

66 

tt 

Mineral Spirits - 

^^00 



Method. 

Melt the rosin with 26 parts of tung oil at 350" F. Add 
the lime and sti^ thoroughly. Raise the temperaturfe to 
600" F. to take up the lime and to partially polymerize the 
Tung Oil. ^ Drop heat to 350" F. and add glycerin. Raise 
heat slowly to 500" F. and hold one hour. Add balance 
of Tung Oil slowly, keeping temperature of mass 460" 
or above, during addition, ^en adding the balance of 
,4he tung oil, care should be taken that it is not added too 
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quickly and the temperature of the mass allowed to drop 
very much below 450° F. as the ester already formed is 
liable to be thrown out of solution and is only brought 
back again with difficulty. When all the tung oil is added 
raise temperature to 450° F. Add driers. Hold at 450° 
F. for proper body. This may require from 30 minutes to 
one hour. The pill should be stiff but not gelatinous or 
stringy. Cool and thin to 350° F. to 400° F. If cooked 
too heavy,, more thinner than specified above will be re- 
quired. The turpentine might be largely replaced by an 
additional amount of mineral spirits. 

Properties of Varnish. 

Acid value (in alcohol-benzol) 5.37. 

Dries hard in 5 hours. 

Coated panel in boiling water for 15 minutes shows no 
whitening or softening of film. 

Flexible. 


Long Oil Varnish, 
Materials (Parts by Weight). 


Rosin 


. .100 

Tung Oil 


400 

Lime 


.. 8 

Glycerin 


. 25 

Manganese Tungate Drier . 


.. .20 

Lead Tungate Drier . . 

. . 

. . .. 12 

Turpentine 



125 

Mineral Spirits 


450 


Add^iiDe to cold tung oil. Heat mixture to 350° F. 
Hold until soaps form and then settle to bottom of kettle. 
Oil layer will be clear. Add rosin and raise temperature 
to about 400° F. Soaps will dissolve. Drop to 350° F. 
Add glycerin. Raise to 475° F. and hold for 45 minutes. 
Drop to 450° F. and add driers. Hold at 450° F. until 
proper body is obtained. This will usually require from 
15 to 30 minutes. 
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Properties of Varnish. 

Acid value (in alcohol-benzol) 6.74.^ 

Dries hard in 10 hours. 

Coated panel in boiling water for 15 minutes shows 
only very slight whitening and no softening of film. 
Flexible. 


Short Oil Varnish, 


Materials (Parts by Weight )^ 


Rosin 

Tnng Oil 

Glycerin 

Manganese Tungate Drier. 

Lead Tungate Drier 

Turpentine 

Mineral Spirits . . 


.100 parts 
.160 “ 

. 55 “ 

10 “ 

. 6 “ 

... 60 “ 

220 ** 


Melt rosin and tung oil together at 350“ F. Add glycer- 
in. Raise temperature to 475“ F. and hold for 45 min- 
utes. Drop to 450“ F. Add driers and hold at 450“ F. 
until proper body is obtained. This will usually require 
45 minutes. 


Properties of Varnish 

Acid value (in alcohol-benzol) 16.8. 

Dries hard in 10 hours. 

Coated panel in boiling water for 15 minutes shows 
only very slight whitening and no softening-of fhm. 

Flexible. / 

As outlined above, the esterification of rosin with glyS 
cerin may be carried out as a process in itself, resulting 
in the formation of the so-called Tunga Varnish Resin, or 
the este^fication may be brought about during the actual 
varnish-making process, in which case the product is the 

Note. — The acid values of a number of cemmerclal waterproof spai 
vamlshes recently examined aft the Bureau of Standards ranged from 
6 to 26. 
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quickly and the temperature of the mass allowed to drop 
very much below 450° F. as the ester already formed is 
liable to be thrown out of solution and is only brought 
back again with difficulty. When all the tung oil is added 
raise temperature to 450° F. Add driers. Hold at 450° 
F. for proper body. This may require from 30 minutes to 
one hour. The pill should be stiff but not gelatinous or 
stringy. Cool and thin to 350° F. to 400° F. If cooked 
too heavy,, more thinner than specified above will be re- 
quired. The turpentine might be largely replaced by an 
additional amount of mineral spirits. 

Properties of Varnish. 

Acid value (in alcohol-benzol) 5.37. 

Dries hard in 5 hours. 

Coated panel in boiling water for 15 minutes shows no 
whitening or softening of film. 

Flexible. 


Long Oil Varnish, 
Materials (Parts by Weight). 


Rosin 


. .100 

Tung Oil 


400 

Lime 


.. 8 

Glycerin 


. 25 

Manganese Tungate Drier . 


.. .20 

Lead Tungate Drier . . 

. . 

. . .. 12 

Turpentine 



125 

Mineral Spirits 


450 


Add^iiDe to cold tung oil. Heat mixture to 350° F. 
Hold until soaps form and then settle to bottom of kettle. 
Oil layer will be clear. Add rosin and raise temperature 
to about 400° F. Soaps will dissolve. Drop to 350° F. 
Add glycerin. Raise to 475° F. and hold for 45 minutes. 
Drop to 450° F. and add driers. Hold at 450° F. until 
proper body is obtained. This will usually require from 
15 to 30 minutes. 
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Parts by weight 


Tunga Resin 100 

Tung Oil 225 

Manganese Tungate Paste Drier 20 

Turpentine 80 

Mineral Spirits 300 


The Tunga Resin and tung oil were gradually heated 
in one hour to SCO® F. The temperature was dropped to 
450® F. and the drier added. The mass was then again 
brought to 500® F. and held at that temperature for 20 
minutes to bring to the desired body. It was allowed to 
cool to 350® F. and then thinned, the turpentine being 
added first. 

Physical Properties of the Varnish, 

Brushes and levels well. 

Becomes tacky in 20 minutes. 

Sets to touch in 31/2 hours. 

Dries tack-free in 5 hours. 

Dries hard in 7 hours. 

When a coated panel is placed in boiling water for 15 
minutes, it shows no whitening or softening of film. Film 
is fiexible. 

Satisfactory varnishes can be prepared, using linseed 
oil in place of tung oil. The heating must, however, be 
continued at least three times as long. A smaller amount 
of thinner is required than when tung oil is used, jind the 
varnish dries much more slowly. Varnishes made from 
linseed oil and Tunga Resin are tough and fiexible and 
fairly resistant to water. 

When mixtures of tung and linseed are used, a greater 
quantity of turpentine is required on account of the in- 
creased collodial viscosity produced by tung oil. The 
time of cooking decreases with increase in proportion of 
tung oil. The varnishes become more resistant to water 
as the quantity of tung oil is increased. 

. In connection with an investigation of the properties 
of perilla oil being carried on at the present time, a 
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number of varnishes have been made, using Tunga Resin. 
While it has not as yet been possible to make varnishes 
from this oil as easily as with tung and linseed oil, still 
the results thus far indicate that with proper manipula- 
tion, products with certain desirable characteristics can 
be prepared. 

In the formulas described below, 20 parts manganese 
tungate paste drier was used in each case and the method 
of making was the same as for the tung oil varnish given 
above : 


TABLE 86. 



Tunga : 
Resin 

Oil 


Thinners 

1 

i 

Final 
Heating 
for body 


1 


Parts i 

• Parts 1 


No. 1 . 

100 parts 

Perilla 

225 i 

Turpentine 

40 

2 hours 


1 



Min'l Spts. 

110 


No. 2 

i 

200 “ 


225 j 

Turpentine 

40 

1 % “ 


i 



Mini Spts. 

180 


No. 3 

100 

Tung 

112^2 

Turpentine 

40 , 

iy2 “ 



Perilla 

11214 

' Mini Spts. 

260 


No. 4 

100 “ 

Linseed 

112^ 

f Turpentine 

40 

1% « 



Perilla 

1121/2 

Mini Spts. 

150 



Physical Characteristics of Perilla Varnishes, 

Despite the high iodine number of perilla oil, all these 
varnishes with the exception of No. 3 dried rather slowly. 
It wHild appear that perilla oil prevents to some extent 
the polymerization and bodying of other oils and length- 
ens the time of cooking. Its presence markedly increases 
the gloss of the varnish and causes it to dry to a heavier 
film.'’ Its rather slow drying and high lustre might make 
it useful as a finishing varnish for certain classes of au- 
tomobile work. Although these varnishes remain quite 
thin and do not congeal or gelatinize on cooling, consid- 
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arable quantities of thinner are required, consideringr 
their viscosity. Usually, the higher the percentage of 
perilla used, the lower the quantity of thinner that is 
required. 
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CHAPTER XVI. 


Bulking Values and Yields of Pigments and Liquids 
Used in Paint and Enamel Manufacture 

Scope of Work . — The bulk or gallonage of paint that may be 
produced from any pigment, is inversely proportional to the 
specific gravity of the pigment as determined in an air-free 
-condition. With specific gravity figures available, it is pos- 
sible for the paint grinder to rapidly calculate the yield of any 
specified formula.* The object of this paper, therefore, is to 
place such data before the grinders. The work was under- 
taken at the request of the Cost Accounting Committee of the 
Paint Manufacturers* Association of the United States, as will 
be noted from the following extract of the report of that Com- 
mittee, made at the Chicago meeting in October, 1919 : 

“As a preliminary to the proper determination of a 
paint yield it is necessary that two charts be formulated. 
First, a chart which will give the paint manufacturer 
the correct bulk in gallons per hundred pounds of each 
of his pigments, and, second, a chart showing the per- 
centage of loss in manufacturing a batch of paint, this 
loss being computed on a basis, first, of the size of the 
batch, and, second, of the percentage of volatile ma- 
terial present. 

“Whenever in this connection the bulk of a pigment 
is mentioned it refers to the bulk occupied by the pig- 
ment after it has been made into a paint which is natur- 
ally considerably less than the dry bulk. The easiest 
TO ethod for determining the bulk of a pigment is from 
its specific gravity. 

“The paint manufacturer can secure the specific 
gravity of a pigment in one of three ways. First, by 
requesting it from the manufacturer of thf pigment; 
second, by having the determination made in his own 
laboratory (showing a commonly used method) ; third, 
if his own laboratory is inadequate or not equipped with 

‘Se© Circular 58. Educational Bureau P. M. A. 
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the proper apparatus the gravity may be secured by 
sending a sample to a good commercial chemist. 

“After the specific gravity has been determined it is 
not difficult to compute the bulk per hundred pounds. 

“It is a known fact that the bulking properties of 
pigments sold by various manufacturers under the 
same commercial name vary. It is also true that pig- 
ments turned out by any one manufacturer will vary in 
their bulking properties from time to time, though not 
to an appreciable extent; therefore, your committee 
suggests the compiling of a bulking table which can be 
the basis for the figuring of all formulas by paint 
manufacturers. 

“We recommend that the Scientific Section of the 
Educational Bureau undertake a complete study of the 
bulking properties of all pigments on the market and 
then publish the results of such information in pamph- 
let form for the benefit of the members of the Asso- 
ciation. 

“Some manufacturers might be under the impres- 
sion that the ability to figure a theoretical yield cor- 
rectly is not highly important inasmuch as in the 
regular routine of their manufacturing departments 
they are naturally able to obtain information as to 
yields from the actual results secured. 

“To such manufacturers we would say that the abil- 
ity to figure fheoretical yields is highly important, 
first of all when it comes to making samples which are 
submitted to prospective buyers, accompanied by a 
selling price; secondly, in figuring on specification 
paints, and, thirdly, in checking yields reported by the 
factory.” r* 

It should also be pointed out that the specifife gravity of liq- 
uids is of as much importance to the grinder as the specific 
gravity of pigments. All yield calculations, for instance, 
should be based on the specific gravity of the liquids used. The 
writer has often found manufacturers still using the antedilu- 
vian method of calculating the yield and cost of paint on the 
basis of 71/2 per gallon for linsed oil. This practice should 
be discontinued at once if accuracy is desired. 

Organization of Worlp , — As a first step in the work, an 
attempt was made to secure all pigments produced in America 
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or consumed by the American paint-grinding industry. Accord- 
ingly a letter was sent out to producers, jobbers, importers, 
and consumers of pigments and colors, describing the object of 
the work and requesting pigment samples. A suggestion was 
also made that producers submit such information regarding 
the chemical composition or methods of production as they 
might care to make public. The response was very encour- 
aging. Certain important pigments submitted by producers 
were also sent in by paint grinders, so that duplicate samples 
were received in many instances. After the pigments were 
obtained they were divided into two portions and placed in 
carefully labelled screw-cap glass jars. One set Of the jars was 
delivered to the paint laboratory of the Bureau of Standards ; 
the other set being reserved in the writer's laboratory for check 
determinations. The work was then started, the determina- 
tions being carefully checked and uqder the supervirion of 
representatives of the writer's laboratory and represeiitatives 
of the Bureau of Standards. 

Some Older Methods . — Heretofore the specific gravity* of 
a pigment has usually been determined by weighing the pig- 
ment in air and again in benzine or similar liquid, to determine 
the weight of material displaced. From the respiting figures 
the specific gravity was calculated. In some methods that 
were published, shaking with benzine was recommended to 
remove the air. Unfortunately, however, mere shaking is 
insufficient to accomplish this ; only a very small amount of the 
occluded air being removed from certain pigments by this pro- 
cedure. The result would be a figure that might be incorrect 
to such a degree that paint yields and cost figures calculated 
t^iprefrom would often be unreliable. 

The specific gravity figures now in use at some paint fac- 
tories were often determined by the existing methods referred 
to above and generally upon pigments which had not been 

*Speclfic Gravity. — TTie ratio of the weight of a unit volume of a fubstance 
to^he weight of an equal volume of water at defined temperatures 

Density. — The use of this term should be avoided if posslbu-. 

Density is a scientific term meaning the mass of a unit volume. Its 
numerical expression will vary with the units selected, and there is no occasion 
for using it when the term “specific gravity” is defined. Confusion may be 
avoided by not using the word “density” in specifications. A. S. T. M. 1918 
Tear Book. 
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dried. Some of these pigments, such as blues, may have con- 
tained as high as 6% to 8% of moisture. Others such 
white lead may have contained from 0.5% to 1% of moisture. 
Since all commercial pigments contain varying amounts of 
moisture, it can readily be seen that specific gravity figures 
obtained on undried pigments would give high bulking values. 
The same pigments, when kept in a dry, warm store room, 
would lose moisture and give lower bulking factors when made 
into paint. Specific gravity results on one pigment could 
thus be obtained, that would vary widely according to the 
amount of moisture present in the pignient at the time 
determination. For this reason it is the writer's belief that 
all specific gravity determinations should be made on dried 
pigments so that uniform and checkable results will be ob- 
tained. It is better to under-estimate than to over-estimate 
the bulking factor of ar pigment. 

Secure Factors from Color Makers , — It is suggested that 

when grinders do not have facilities for making careful de- 
terminations of specific gravity, they request every pigment 
manufacturer with whom they deal to furnish the specific 
gravity of each pigment supplied. From these figures the 
paint grinder can at once determine bulking factors by refer- 
ring to the charts on pages 258 to 264 in this book. It is also 
suggested that grinders obtain from the color makers the 
composition of each color (percentage of true color and per- 
centage and character of inert base) purchased, so that they 
may properly formulate specification paints. Such data 
would also be of value in figuring the approximate specific 
gravity of a combination pigment.* For instance,, if a para 
red pigment consists of 10% para red and 90% calcium car- 
bonate, the following method of calculation could be used to 
determine the specific gravity of the pigment : 


Average specific gravity of pure Para Red Toner (1.51) x 10 = 15.10 
“ “ “ ** Calcium Carbonate (2.71) x 90 = 243.00 


259.00 

. *This calculation might not quite compensate for the greater bulking value 
Resulting from precipitation rather than mechanical mixing. 
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259 

= 2.59 approximate specific gravity of composite pigment. 

100 

The approximate specific gravity of any other color of 
known composition might in the same manner be calculated, 
provided there be available the specific gravity factor of each 
component. 

Research Work on Method , — ^With these difficulties in view, 
a study was immediately made at the outset of the investiga- 
tion to devise a means of entirely eliminating the occluded air 
from a pigment when admixed with the wetting liquid chosen 
for the determination. It was at first found that when a pig- 
ment and liquid of even high wetting value were placed in a 
gravity bottle, only a portion of the entrained air could be 
removed by shaking. It was further found that when the same 
bottle was subsequently placed in a gl%ss desiccator, attached 
to a vacuum water pump of the laboratory type, a steady efflux 
of air bubbles coming from the pigment-oil mixture could be 
observed for a period of from 5 to 10 minutes. It was at first 
assumed that the occluded air was at this period entirely re- 
moved from the mass. Determination of the specific gravity 
at this point, however, was found to give figures which could 
not be closely checked in repeat determinations. This result 
suggested that more occluded air was present around the pig- 
ment particles, every angle of which had apparently not been 
entirely wetted by the liquid. The next step in the investiga- 
tion, therefore, was to arrange for a higher vacuum than 
could be obtained by the ordinary type of laboratory water 
pump. Accordingly, a high vacuum laboratory oil pump was 
secured. This was attached to the desiccator containing the 
specific gravity bottle, subsequent to the action of the water 
pump which had been applied until no more bubbles of en- 
trained air appeared. As soon as the oil pump was attached, 
a stream of air bubbles immediately appeared and continued 
intermittently with certain pigments for peribds of up to an 
hour. With a standardized procedure adopted from this ex- 
perimental work, it was found possible to secure very close 
check determinations with nearly all pigments. 
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Shrinkage of Pigmenta Upon Grinding. — The majority of plg-menta consist 
of finely divided particles which are agglomerated together as small lumps. 
When these are mixed with oil a granular paste results. By passing this pro- 
duct through a heavy plate or roller mill, a smooth paste Is obtained. What 
the mill really accomplishes is a breaking down of the pigment agglomerates 
and a wetting of each pigment particle with the oil. This action is accom- 

t anled by the elimination of the entrained or occluded air in the pigment. 

rpon standing for a short time the mass of finely ground paint produced as 
above, may subsequently show a slight shrinkage In volume, due to the elimi- 
nation of a further small amount of occluded air or gas that is driven out as 
each pigment particle becomes more thoroughly wetted. The writer has found 
that the process of grinding can be eliminated if vacuum is applied to a mix- 
ture of oil and pigment. The surface tension effects are thus overcome and a 
smooth paint is produced. It is probable that in the near future a commercial 
application of this principle could be made in the industry. 


Subsequently a series of tests were made to determine the 
best type of specific gravity bottle to use. Bottles having a 
capacity of only 25 cc. invariably gave low and non-checkable 
results. Those having a wide-hole short capillary tube were 
found faulty because of the possibility of removing too large a 
drop of liquid from the capillary tube after filling. Flasks of 
the LeChatelier type, such as are used for specific gravity de- 
terminations on Portland cement, were experimented with. 
The amount of pigment required in these flasks was too great 
to secure entire removal of the air, and the results obtained 
were correct only to within two points in the first decimal 
place. The results of the investigation finally narrowed down 
the choice of bottles that were found satisfactory and accurate 
to the two types which are illustrated below. These are of 
50 cc. capacity. 

A further investigation was then made to determine what 
type of liquid was most satisfactory. Ordinarily a liquid 
would be required that could be used with all pigments, Jo that 
the standardized method of examination could be followed 
without modification. Water was found unsatisi^tory be- 
cause of its failure to wet carbon pigments and organic lakes. 
Benzine was found unsatisfactory because of its rapid evap- 
orative value, which caused losses at the capillary tube and 
seepage at the joints of the bottle necks. Alcohol and benzol 
were subject to the same difficulties and had the further defect 
of being solvents for certain lakes derived from coal tar inter- 
mediates. Solvefit naptha (boiling point 160“ C.) was found of 
higlf wetting value but had a sonjewhat too rapid evaporative 
value. Furthermore it acted rapidly as a solvent for certain 
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lakes. Carbon tetrachloride was found too volatile. Linseed 
and similar fatty oils were too immobile and did not show suf- 
ficiently high wetting value for quick determination?. The 
investigation finally showed that water-white kerosene yas 
the best medium. Accordingly several gallons were obtained 
and allowed to settle to throw down any small amounts of 
water present. The kerosene was subsequently filtered and 
kept in five-gallon bottles. 

The method finally developed is given below. It should be 
pointed out that this method gives slightly lower bulking fig- 
ures than methods in which the pigments are not dried or in 
which air is not removed. 

METHOD DEVELOPED AND STANDARDIZED 

1. Standardization of Pyknometers. — Fill the pykno- 
meters with freshly boiled distilled water and bring to temper- 
ature of 15.^” C. Dry and weigh as outlined in paragraph 6, 
Clean, weigh and dry the pyknometers. Fill them with the 
kerosene to be used and bring to temperature of 15,6° C, Dry 
and weigh in the same manner. Calculate the specific gravity 
of the kerosene by dividing the weight of water into the weight 
of kerosene, 

2. Drying. — Dry the pigment in an oven, preferably elec- 
tric, at 105° C, for 2 hours, 

3. Weighing. — Weigh a sample of the pigment, by differ- 
ence, in the weighing bottle. For blacks, blues and lakes of 
light specific gravity, use about 1 gram; for inert crystalline 
pigments about i grams; for opaque white pigments 7 to 10 
gravM; for red lead 15-20 grams. Due to the hygroscopic 
nature of some of the pigments it is necessary to me a weigh- 
ing bottle fitted' with a cork stopper, 

4. Transferring to Pyknometer. — Pour sufficient kero- 
sene fnto the pyknometer to form a quarter of an inch layer in 
the bottom and add a quantity of pigment from the tveighing 
bottle reaching approximately three-quarters of the distance to 
the kerosene level The kerosene should always cover the pig- 
ment, Stir the sample with a polished round bottom glass rod 
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until completely covered by the kerosene, if necessary adding 
more kerosene from the wash bottle. Wash rod with kerosene, 
5. Removal of Occluded Air. — Place the pyknometers in 
the ^esiccator which should then be closed and attached to the 
water pump until the greater part of the air is expelled from 
the system. This takes from 5 to 10 minutes. Close the' 
system with a pinchcock and attach the desiccator to an oil 
pump for the removal of the small amounts of air given off at 
the low pressures obtainable with the oil pump. The manom- 
eter is used to indicate whether the oil pump is giving the< 
proper vacuum. When the manometer indicates that the 
vacuum, which should be not greater than 3 millimeters, is con- 
stant, the oil pump may be cut off for short periods, precaution 
being taken that the vacuum does not change materially due 
to leakage. It will be noticed that bubbles of air come from 
the pigments very rapidly at first and that this action grad- 
ually decreases and finally stops altogether. The time required 
for complete removal of air varies from one-half hour to two 
hours, depending upon^ the nature of the pigment. When no 
more bubbles can be seen it is assumed that all the. occluded air 
has been given off and the pigment thoroughly wet with kero- 
sene. Air can then be slowly admitted to the desiccator by 
means of the pinchcock. 
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6. Filling and Bringing to Temperatum:. — Take the 
ayknometer from the desiccator and fill with kerosene, care 
being taken to add sufficient to prevent the formation of air 
bubbles when placement of the thermometer is made. Place 
)he thermometer in the water bath. Cool the bath with ice to 
between 10 and 13° C. Place the pyknometer in the bath and 
illow it to come to constant temperature. Insert the pyknom- 
zter thermometer or capillary tube. Add enough warm water 
to the bath to raise the temperature suddenly to about li.5° C. 
In order to expand the kerosene and prevent it from creeping 
iown the capillary and admitting a small amount of air. Allow 
the bath to come to a temperature of 15.6° C. Wipe the capil- 
lary tube with filter paper and put on the cap. Read all tem- 
peratures on the thermometer in the bath and not on the ther- 
mometer in the pyknometer. Remove the pyknometer from the 
bath and dry. Allow it to stand for one-half hour to enable 
it to come to room temperature. Weigh. It is advisable to 
allow pyknometer fo stand approximately the same time be- 
fore each weighing so as to compensate for slight errors due to 
evaporation at the joints. 

7. Precautions. — Before a new desiccator is first used it 
should be wrapped in a towel and tested under the vacuum to 
be used. Great care should be exercised in handling the desic- 
cator when the vacuum is on, as any sudden jar may cause it 
to collapse. 

8. Number of Samples. — It has been found convenient to 
run six samples at one time, the desiccator specified being of 
the proper size to accommodate the above number. 
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DESCRIPTION OF APPARATUS USED IN METHOD 


A. Pyknometer. 

Type A 1. 

Type A 2. 

B. Water Bath. 

C. Manometer. 


D. Desiccator. 


Water Pump. 


Capacity 60 CC. 

Thermometer at neck, and capillary tube at side. 

A. H. Thomas Co. No. 46688. 

Central Scientific Co. No. 1730. 

Long, thin capillary tube at neck. 

Specially made by Eimer and Amend. 

Vessel filled with sufficient water to permit of only a 
very gradual rise in temperature. Equipped with a 
stirring device, preferably air blown as the pykno- 
meters are easily tipped over. 

Open tube Manometer to show vacuum obtained in 
desiccator. Made of 6 mm diameter glass tubing 
filled with mercury to approximately 86 cm, fitted 
with pressure tubing attached to a Y tube leading to 
desiccator and pump. 

Heavy Wall Glass Desiccator constructed for vacuum 
work, with hole at side. To withstand vacuum of one 
atmosphere. 

A. H. Thomas Co. No. 25834j» 

Scientific Materials Co. No. 1919. 

Central Scientific Co. No. 3776. 

Laboratory water vacuum pump necessary to expel 
the greater portion of air in the desiccator. 

Scientific Materials Co. No. 2554, No. 2556. 

Central Scientific Co. No, 6476. 


E. 


F. 


G. 


High Vacuum 
Pump. 


Electric 

Motor. 


V^ghing 

* ttle. 


Small vacuum pump to give vacuum of not more than 
3 mm. The Nelson Oil Pump is satisfactory. This 
pump has a displacement of approximately 200 cubic 
inches per minute or 7 cubic feet per hour at a speed 
of 900 R. P. M. It will evacuate a flask of one liter 
capacity to a vacuum of 1 mm. in two minutes. 
Scientific Materials Co. No. 143. 

To drive Vacuum Oil Pump. A constant speed type of 
motor is most satisfactory. If for D. C., a shunt 
wound motor, or, if for A. C. an induction motor. 
The most efficient speed is between 800 and 900 R. P. 
M. At this speed it gives as good results as when 
driven faster, and develops less heat. 

Weighing Bottle with cork. Neck to be small enough 
to fit inside the neck of the pyknometer. This is es- 
sential, as small quantities of pigment easily adhere 
to the ground glass joint of the pyknometer. 25 cc 
Babcock Milk Test Bottles are satisfactory after cut- 
ting oflF the neck to approximately 1% inch. 

A. H. Thomas Co. No. 33964. ^ 

Scientific Materials Co. No. 4176. 

Central Scientific Co. No. 9104. 


Thermometer. Range 0® to 60® C. graduated in 1/lOths of a degree. 
Wash Bottle. Ordinary water bottle type for kerosene. 

Note: The difference in levels of the mercury in the manometer 
when the system is in operation, subtracted from the barometer reading 
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taken at the same time, gives the vacuum of the system in millimeters of 
mercury. The difference between the Barometer and the Manometer 
should not exceed 3 MM. 


EXAMPLE OF CALCULATIONS 

Standardization of Pyknometer 

Weight of bottle and water = 88.2777 
Weight of bottle = 33.3627 


Weight of water at 16.6® C. = 64.9260 

Weight of bottle and kerosene = 77.9420 
Weight of bottle = 33.3627 


Wt. of kerosene at 16.6® C. = 44.6893 

Weight Kerosene 44.5893 

Specific gravity of Kerosene = = = .8118 

15.6® C. * Weight Water 54.9250 


METHOD OF CALCULATING RESULTS 


Let K = Weight of bottle filled with kerosene only 
Let P = Weight of pigment used. 

Let F = Final weight of bottle with pigment and kerosene. 
Let S = Specific gravity of the kerosene used. 


Then Specific Gravity 
of Pigment 


P X S 
<P + K) -F 


Thus: 

Red Lead 

K = Weight of bottle filled with kerosene only = 77.9420 
P = 16.0000 

F = Final weight of bottle with pigment and kerosene = 92.4826 
S = .8118 


Sp. Gr. of sample Red Lead = 


16.0000 X .8118 


(16.0000 4- 77.9420)— 92.4826 


= 8.90 


Results of Investigation , — The results of the investigation 
are presented in the preceding charts which give the commer- 
cial name of each pigment, the producer or selling agent, in- 
formation voluntarily submitted regarding composition, the 
specific gravity, weight per solid gallon, and the fraction of a 
galloii bulked by one pound. While these figures may in most 
ihatances be taken as representative of the pigments named 
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as they are produced today, it should be pointed out that dif- 
ferent batches of pigments may occasionally vary slightly in 
specific gravity. It should also be suggested that some of the 
manufacturers named, may, if requested, be able to produce 
pigments of higher or lower specific gravity as desired. 

METHOD FOR DETERMINING SPECIFIC GRAVITY OF 
PAINT LIQUIDS 

The specific gravity of a liquid may be determined with suf- 
ficient accuracy with a Westphal balance or a standardized 
hydrometer and thermometer in the customary manner, mak- 
ing any necessary corrections for temperature. For viscous 
blown or bodied oils or for mixed paints, satisfactory results 
may be obtained, when a quantity is available, by weighing a 
liter of the oil or paint in a graduated tared liter flask. When 
only small amounts are available or when great accuracy is 
desired the method below* should be used : 

The specific gravity of an oil is expressed as the ratio of 
the weight of a given volume at 25“ C. to that of an equal 
volume of water at the same temperature. The determination 
of specific gravity, in the case of heavy bodied oils especially, 
is best made in a straight walled glass tube pyknometer ap- 
proximately 70 mm. long and 22 mm. in diameter, carefully 
ground to receive an accurately fitting glass stopper with a 
hole of 1.5 to 1.7 mm. bore in place of the usual capillary 
opening. The stoppered tube should have a capacity of about 
24 cc., and when empty should weigh not over 35 grams. 

♦This method is adapted from the proposed tentative standard test for the 
specific gravity of road oils, road tars, asphalt cements, and soft tar pitches. 
See I'roc. Amer. Soc. Test. Mater., Vol. XX, 1920. 
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The type of bottle described is illustrated below. 



Fig. 31. 

PYKNOMETER OR WEIGHING BOTTLE 

i 

The pyknometer with stopper is first calibrated by weigh- 
ing it, clean and dry, upon an analytical balance. This 
weight is called A, It is then filled with distilled water at a 
temperature of 25“ C., the stopper firmly inserted, all surplus 
moisture wiped from the surface with. a clean, dry cloth, and 
again weighed. This weight is called B. 

For the determination of the specific gravity of an ordinary 
oil or paint liquid, the material shall be brought to a tempera- 
ture of 25“ C. and poured into the pyknometer until it is full, 
using care to prevent the inclusion of air bubbles. The stop- 
per is then inserted and the excess of liquid forced through 
the opening is carefully removed with a clean, dry cloth. The 
pyknometer and contents are then weighed, and this weight is 
called C. The specific gravity of the material may then be 
calculated from the following formula : 

C - A 

Specific gravity = 

B - A 

When the specific gravity of extremely heavy bodied oils 
or blown oils, or certain paste products is to be determined, 
the viscosity of these materials may make the previously 
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described method inapplicable. Such materials should first be 
gently warmed, using care to prevent loss by evaporation. 
When fluid, enough is poured into the clean, dry pyknometer 
to about half fill it. Precautions shall be taken to keep the 
material from touching the sides of the tube above the final 
level and to prevent the inclusion of air bubbles. It is advis- 
able to slightly warm the tube before filling. The pykno- 
meter and contents are then cooled to room temperature and 
weighed with the stopper. This weight is called C. The 
pyknometer is next removed from the balance, filled with dis- 
tilled water, and the stopper firmly inserted. It is then com- 
pletely immersed for not less than 30 minutes in a beaker of 
distilled water maintained at 25° C., after which it is re- 
moved and all surplus water wiped off with a clean cloth. It 
is immediately weighed. This weight is called D. The spe- 
cific gravity of the material may be caloplated from the fol- 
lowing formula : 

C — A 

Specific gravity = 

(B-A) (D-C) 
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Average Specific Gravity Data , — For the convenience of 

* manufacturers who do not have facilities for making specific 
gravity determinations on various types of pigments and who 
desire a chart showing the average specific gravity of many of 
the commonly used pigments, a special table has been prepared. 
It should be pointed out, however, that the specific gravity of 
even such colors as are termed chemically pure, such for in- 
stance as chrome green, may vary to a great extent. This is 
due to the fact that these greens may contain a small or a 
large percentage of blue, and in some instances varying 
amounts of lead sulphate. This variance in composition, there- 
fore, of even chemically pure colors, is sufficient to warn the 
paint grinder that serious mistakes may occur in calculations 
made on average specific gravity figures of certain colored 
pigments. A chart is also presented showing the specific grav- 
ity and bulking values of many liquids that are used in paint 
and enamel manufacture. 

Calculation Charts , — For the further convenience of man- 
ufacturers, there is presented a series of calculation charts in 
which the specific gravity, weight per solid gallon and gallons 
bulked per pound of every liquid and pigment substance used is 

• presented. These tables start at .70 which is lower than the 
density of alcohol, benzol, or benzine, the light liquids used in 
paints. They run up to 9.70, which is higher than the density 
of the heaviest pigment used. With these charts the yield of a 
batch of paint may be determined rapidly, as will be indicated 
by examples on page 254. 
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PAPERS ON PAINT AND VARNISH 
TABLE 87 

TABLE OF BULKING AVERAGES 


Specific Gravity of Paint Liquids 



Specific 

Gravity 

Weight 
per solid 
gallon 

One pound 
bulks 
gallons. 

Raw Ijnseed Oil - 

.932 

7.764 

.1288 

Boiled Linseed Oil 

.942 

7.847 

.1274 

Heavy Bodied Linseed Oil 

.98 

8.163 

.1226 

Raw Soya Bean Oil - 

.929 

7.739 

.1292 

Raw Tung Oil 

.940 

7.830 

.1277 

"^ ^Liquid Paint Drier 

.85 

6.681 

.1497 

♦♦Mixing Varnish - 

.905 

7.539 

.1326 

Turpentine 

.867 

7.222 

.1385 

♦♦Mineral Spirits 

.775 

6.456 

.1649 

Benzol (90%) 

.882 

7.347 

.1361 

Benzine (62°) 

.745 

6.206 

.1611 

Solvent Naphtha (160°) 

.902 

7.514 

.1331 

Grain Alcohol 

.785 

6.539 

.1629 

Wood Alcohol - 

.791 

6.589 

.1618 

Acetone 

.797 

6.639 

.1506 

Carbon Tetrachloride 

1.60 

13.328 

.07602 

Amyl Acetate 

.874 

7.280 

.1374 

Ethyl Acetate 

.902 

7.614 

.1331 


•*THESE LIQUIDS WILL VARY GREATLY IN SPECIFIC GRAV- 
ITY. GRINDERS SHOULD DETERMINE THE FIGURE FOR THE 
PRODUCTS THEY USE. 


256 



BULKING VALUES AND YIELDS OP PIGMENTS AND LIQUIDS 


TABLE 88 

TABLE OF BULKING AVERAGES 
Specific Gravity of Dry Pigments 



Specific 

Gravity 

Weight 
per solid 
gallon 

One pound 
bulks 
gallons 

Basic Carbonate White Lead 

6.81 

56.73 

.01763 

Basic Sulphate White Lead 

6.41 

53.40 

.01873 

Zinc Oxide 

5.66 

47.15 

.02121 

Zinc Oxide, Leaded 35% 

6.95 

49.56 

.02018 

Lithopone 

4.30 

35.82 

.02792 

Titanox 

4.30 

35.82 

.02792 

Asbestine 

2.85 

23.74 

.04212 

Barytes 

4.45 

37.07 

.02698 

China Clay 

2.62 

21.82 

.04583 

Silica 

2.65 

22.07 

.04531 

Talc 

2.84 

23.66 

.04227 

Whiting 

2.71 

22.57 

.04431 

" Venetian Red, (20% Fea0;i). 

3.05 

25.41 

.03935 

Red Oxide, (40% Fe^Oa) 

3.45 

28.74 

.03479 

Red Oxide, (95% FcaOa).. 

4.95 

41.23 

.02425 

Indian Red, (90% FeaOa) ... 

4.92 

40.98 

.02440 

Ferric Oxide, (98% Fe^Oa) .... 

5.15 

42.90 

.02331 ' 

Tuscan Red 

3.95 

32.90 

.03040 

Ochre . . 

2.80 

23.32 

.04288 

Sienna, Raw 

3.27 

27.24 

.03671 

Sienna, Burnt 

3.95 

32.90 

.03040 

Umber, Raw 

2.68 

22.32 

.04480 

Umber, Burnt 

3.80 

31.65 

.03160 

Brown Oxide, (50% FeaOa) 

3.35 

27.91 

.03583 

; Mineral Brown, (45% FeaOa) . . 

3.34 

27.82 

.03595 

Chromium Oxide 

4.95 

41.23 

.02425 

Litharge 

9.40 

1 78.30 

.01277 

'^Orange Mineral 

, 8.80 

73.30 

.01364 

Red Lead 

8.80 

73.30 

.01364 

Pure Para Toner ] 

1 1.50 ' 

12.50 

.0800 

Para Red 10% (on Lime and Barium Base) 

2.65 

22.07 

.04531 

Pure Toluidine Red Toner 

1.49 

12.41 

.08058 

♦Chrome Green, C. P | 

*3.90 

*5.08 



Green Earth 

2.75 

22.91 

.04365 

Limeproof Green 

2.80 

23.32 

.04288 

American Blue 

1.85 

15.41 

.06489 

Ultiramarine Blue - 

2.35 

19.58 

.05107 

♦Oirome Yellow, C. P... 

*6.00 



Lampblack - 

1.78 

14.83 

.06743 

Carbon Black 

1.81 

15.08 

.06631 

^Drop Black * , 

2.64 

21.99 

.04548 

Graphite 

2.36 

19.66 

.05086 

Keystone Filler 

2.71 

22.57 

.04431 

Zinc Dust 

7.06 

5?.81 

.01700 

Aluminum Dust - 

2.64 

21.99 

.04548 

Lead Dust — 

11.09 

92.38 

.01082 


♦THESE WILL VARY WIDELY ACCORDING TO COMPOSITION 
REQUIRED FOR SHADE OR TONE AND CHARACTER OF BASE. 
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PAPERS ON PAINT AND VARNISH 


TABLE 89 


Liquid and Pigment Yield Chart 


Specific 

Gravity 

Weight 

Per 

Solid 

Gallon 

One 

Pound 

Bulks 

Gallons 

Specific 

Gravity 

Weight 

Per 

Solid 

Gallon 

One 

Pound 

Bulks 

Gallons 

Specific 

Gravity 

Weight 

Per 

Solid 

Gallon 

One 

Pound 

Bulks 

1 Galloi\s 

.70 

. 5.831 

.1716 

.98 

8.163 

.1225 

1.40 

11.66 

.08676 

.71 

5.914 

.1691 

.99 

8.247 

.1213 

1.41 

11.76 

.08511 

.72 

5.998 

.1667 

1.00 

8.330 

.1200 

1.42 

11.83 

.08453 

.73 

6.081 

.1644 

1.01 

8.413 

.1189 

1.43 

11.91 

.08396 

.74 

6.164 

.1622 

1.02 

8.497 

.1177 

1.44 

12.00 

.08333 

.75 

6.248 

.1601 

1.03 

8.580 

.1166 

1.45 

12.08 

.08278 

.76 ! 

6.331 

.1580 

1.04 

8.663 

.1154 

1.46 

12.16 

.08224 

.77 

6.414 

.1669 

1.05 

8.747 

.1143 

1.47 

12.26 

.08163 

.78 

6.497 

.1539 

1.06 

8.830 

.1133 

1.48 

12.33 

.08110 

.79 

6.581 

.1620 

1.07 

8.913 

.1122 

1.49 

12.41 

.08058 

.80 

6.664 

.1601 

1.08 

8.996 

.1112 

1.60 

12.60 

.08000 

.81 

6.747 

.1482 

1.09 

9.080 

.1101 

1.51 

12.58 

.07949 

.82 

6.831 

.1464 ^ 

1.10 

9.163 

.1091 

1.62 

12.66 

.07899 

.83 

6.914 

.1446 ' 

1.11 

9.246 

.1082 

1.63 

12.75 

.07843 

.84 

6.997 

.1429 

1.12 ! 

9.330 

.1072 

1.54 

12.83 

.07794 

.85 

7.081 

.1412 

1.13 

9.413 

.1062 

1.65 

12.91 

.07746 

.86 

7.164 

.1396 

1.14 

9.496 

.1053 

1.66 

12.99 

.07698 

.87 

7.247 

.1380 

1.15 

9.580 

.1044 

1.57 

13.08 

.07645 

.88 

7.330 

.1364 

1.16 

9.663 

.1035 

1.68 

18.16 

.07699 

.89 

7.414 

.1349 

1.17 

9.746 

.1026 ■ 

1.69 

13.24 

.07653- 

.90 

7.497 

.1334 

1.18 

9.829 

.1017 

1.60 

1 13.33 

.07502 

.91 

7.580 

,1319 

1.19 

9.913 

.1009 

1.61 

13.41 

.07457 

.92 

7.664 

.1306 

1.20 

9.996 

.1000 

1.62 

13.49 

.07413. 

.930 

7.747 

.1291 . 

1.21 

10.08 

.09921 

1.63 

13.68 

.07364 

.931 

7.755 

.1289 

1.22 

10.16 

.09843 

1.64 

13.66 

.07321 

.932 

7.764 

.1288 

1.23 

10.25 1 

.09766 

1.65 

13.74 

.07278 

.933 

7.772 

.1287 

1.24 

1 10.33 

.09681 

1.66 

*’13.83^ 

.07231 

.934 

7.780 

.1285 

1.26 

1 10.41 

1 .09606 

1.67 

13.91 

.07189 

.935 

7.789 

.1284 

1.26 

1 10.50 

.09624 

1.68 

13.99 

,07148 

.936 

7.797 

.1283 

1.27 

10.58 

.09452 

1.69 

14.08 

.07102 

.937 

7.805 

.1281 

1.28 

10.66 

.09381 

1.70 

14.16 

.07062 

.938 

7.814 

.1280 

1.29 

1 10.76 

.09302 

1.71 

14.24 

.07022 

.939 

7.822 

.1278 

1.30 

10.83 

.09234 

1.72 

14.33 

.06978 

.940 

7.830 

.1277 

1.81 

10.91 

.09166 

1.73 

14.41 

.06940 

.941 

7.839 

.1276 

1.32 

1 11.00 

1 .09091 

1.74 

14.49 

.06901 

.942 

7.847 

‘ .1274 

1.33 

j 11,08 

1 .09025 

1.76 

14.58 . 

I .06869 

.943 

7.866 • 

. .1273 

1.34 

1 11.16 

1 .08961 

1.76 

14.66 

.06821 

.944 

7.864 

.1272 

1.85 

11.25 

.08889 

1.77 

14.74 

.06784 

.946 

7.872 

.1270 

1.36. 

11.33 

.08826 

1.78 

14.83 

.06743 

.95 

7.914 

.1264 

1.37 

11.41 

.08764 

1,79 

14.91 

.06707 

.96 

7.997 

.1260 

1.38 

11.60 

.08696 

1.80 

14.99 

.06671 

.97 

8.080 

.1288 

1.39 

11,68 

1 / 

.08636 

1 

1.81 

16.08 

i 

.06631 
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BULKING VALUES AND YIEIJ)S OF PIGMENTS AND LIQUIDS 


TABLE 89 (Continued) 


Specific 

Sravlty 

Weight 

Per 

Solid 

Gallon 

One 

Pound 

Bulks 

Gallons 

Specific 

Gravity 

Weight 

Per 

Solid 

Gallon 

One 

Pound 

Bulks 

Gallons 

Specific 

Gravity 

Weight 

Per 

Solid 

Gallon 

One 

Pound. 

Bulks 

Gallons 

1.82 

15.16 

.06696 

2.26 

18.83 

.05311 

2.70 

22.49 

.04446 

1.83 

15.24 

.06562 

2.27 

18.91 

.05288 

2.71 

22.57 

.04431 

1.84 

16.33 

.06523 

2.28 

18.99 

.05266 

2.72 

22.66 

.04413 

1.85 

15.41 

.06489 

2.29 

19.08 

.05241 

2.73 

22.74 

.04398 

1.86 

15.49 

.06456 

2.30 

19.16 

.06219 

2.74 

22.82 

.04382 

1.87 

15.58 

.06418 

2.31 

19.24 

.05197 

2.76 

22.91 

.04366 

1.88 

15.66 

.06386 

2.32 

19.33 

.05173 

2.76 

22.99 

.04350 

1.89 

15.74 

.06353 

2.33 

19.41 

.05152 

2.77 

23.07 

.04335 

1.90 

16.83 

.06317 

2.34 

19.49 

.06131 

2.78 

23.16 

.04318 

1.91 

15.91 

.06285 

2.35 

19.58 

.05107 

2.79 

23.24 

.04303 

1.92 

16.99 

.06264 

2.36 

19.66 

.06086 

2.80 

23.32 

.04288 

1.93 

16.08 

.06219 

2.37 

19.74 

.05065 

2.81 

23.41 1 

.04272 

1.94 

16.16 

.06188 

2.38 

19.83 

.06043 

2.82 

23.49 

.04257 

1.96 

16.24 

.06158 

2.39 

19.91 

.05023 

. 2.83 

23.57 

.04243 

1.96 

16.33 

.06124 

2.40 

19.99 

.06003 

2.84 

23.66 

.04227 

1.97 

16.41 

.06094 

2.41 

20.08 

.04980 

2.85 

23.74 

.04212 

1.98 

16.49 

.06064 

2.42 

20.16 

.04960 

2.86 

23.82 

.04198- 

1.99 

16.58 

.06031 

2.43 

20.24 

.04941 

2.87 

23.91 

.04182 

2.00 

16.66 

.06002 

2.44 

20.33 

.04919 

2.88 

23.99 

.04168. 

.2.01 

16.74 

.06974 

2.45 

20.41 

.04900 

2.89 

24.07 

.04165 

* 2.02 

16.83 

.05942 

2.46 

20.49 

.04880 

2.90 

24.16 

.04139 

2.03 

16.91 

.06914 

2.47 

: 20.68 

.04869 

2.91 

24.24 

.04125 

2M 

16.99 

.05886 

2,48 

20.66 

.04840 

2.92 

24.32 

.04112 

2.06 

17.08 

.05865 

2.49 

20.74 

.04822 

2.93 

24.41 1 

.04097 

2.06 

17.16 

.05828 

2.50 

20.83 

.04801 

2.94 

24.49 

.04083 

2.07 

17.24 

.06800 

2.61 

20.91 

.04782 

2.95 

24.67 

.04070 

2.08 

17.33 

,05770 

2.52 

20,99 

.04764 

2.96 

24.66 ' 

.04066 

2.09 

17.41 

.05744 

2.53 

21.07 

.04746 

2.97 

24.74 1 

.04042 

2.10 

17.49 

.05718 

2,54 

21.16 

.04726 

2.98 

24.82 

1 .04029 

2.11 

17.58 

.05688 

2.65 

21.24 

.04708 

2.99 ' 

24.91 

.04014 

2.1^ 

17.66 

.05663 

2.56 

21.32 

.04690 

3.00 

24.99 

.04002 

2.ir 

17.74 

.06637 

2.57 

21.41 

.04671 

3.01 

25.07 

.03989 

2.14 

17.83 

.06609 

2.58 

21.49 

.04653 

3.02 

25.16 

.03976 

^2.16 

17.91 

.06683 

2.69 

21.57 

.04636 

3.03 

26.24 

.03962 

2.16 

17.99 

.05669 

2.60 

21.66 

.04617 

3.04 

26.32 

.03949 

2.17 i 

18.08 

.06531 

2.61 

21.74 

.04600 

3.06 

26.41 

.03935 

2.18 

*18.16 

.05507 

2.62 

21.82 

.04583 

3.06 

*26.49 

.03923 

2.19 1 

18.24 

.05482 

2,63 

21.91 

.04664 

3.07 

25.57 

.03911 

2.20 

18.33 

.06466 

2.64 

21.99 

.04648 

3.08 

26.66 

.03897 

2.21 

18.41 

.06432 

2.65 

22.07 

.04531 

3.09 

26.74 

.03885 

2.22 

18.49 

.06408 

2.66 

22.16 

.04513 

3.10 

26.82 

1 .03873 

2.28 

18.58 

.05382 

2.67 

22.24 

.04496 

3.11 

26,91 

,03860' 

2.24 

18.66 

.06369 

2.68 

22.32 

.04480 

3.12 

26.99 

.03848 

2.26 

18.74 

.06836 

2.69 

22.41 

1 

.04462 

3.13 

26.07 

1 

.03836 
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TABLE 89 (Continued) 


Specific 

Gravity 

Weight 

Per 

Solid 

Gallon 

One 

Pound 

Bulks 

Gallons 

Specific 

Gravity 

Weight 

Per 

Solid 

Gallon 

One 

Pound 

Bulks 

Gallons 

Specific 

Gravity 

Weight 

Per 

Solid 

Gallon 

One 

Pound 

Bulks 

Gallons 

3.14 

26.16 

.03823 , 

3.58 

1 

29.82 

.03353 

4.02 

33.49 

.02986 

3.16 

26.24 

.03811 

3.59 

29.90 

.03344 

4.03 

33.57 

.02979 

3.16 

26.32 

. 03799 

3.60 

29.99 

.03334 

4.04 

33.65 

.02972 

3.17 

26.41 

.03786 

3.61 

30.07 

1 .03326 

4.05 

33.74 

.02964 

3.18 

26.49 

.03775 

3.62 

30.15 

.03317 

4.06 

33.82 

.02957 

3.19 

26.67 

.03764 

3.63 

30.24 

.03307 

4.07 

33.90 

.02950 

3.20 

26.66 

.03751 

3.64 

30.32 

.03298 

4.08 

33.99 

.02942 

3.21 

26.74 

.03740 

3.65 

30.40 

.03289 

4.09 

34.07 

.02935 

3.22 

26.82 

.03729 

3.66 

30.49 

.03280 

4.10 

34.15 

t .02928 

3.23 

26.91 

.03716 

3.67 

30.57 

.03271 

4.11 

34.24 

.02921 

3.24 

26.99 

.03705 

3.68 

30.65 

.03263 

4.12 

34.32 

.02914 

3.25 

27.07 

.03694 

3.69 

30.74 

.03253 

4.13 

34.40 

.02907 

3.26 

27.16 

.03682 

3.70 

30.82 

.03245 

4.14 

34.49 

.02899 

3.27 

27,24 

.03671 

3.71 

30.90 

.03236 

4.15 

34.57 

; .02893 

3.28 

27,32 

.03660' 

3.72 

30.99 

.03227 

4.16 

34.65 

.02886 

3.29 

27.41 

.03648 

3.73 

31.07 

.03219 

4.17 

34.74 

.02879 

3.30 

27.49 

1 .03638 

3.74 

31.15 

.03210 

4.18 

34.82 

1 .02872 

3.31 

27.57 

, .03627 

3.76 

31.24 

.03201 

4.19 

34.90 

' .02865 

3.32 

27.66 

.03615 

3.76 

31.32 

.03193 

4.20 

34.99 

.02858 

3.33 

27.74 

.03605 

3.77 

31.40 

.03185 

4.21 

36.07 

1 .02851 

3.34 

27.82 

.03595 

3.78 

31.49 

.03176* 

4.22 

36.15 

.02845- 

3.35 

27.91 

.03588 

3.79 

31.67 

,03168 

4.23 

35.24 

.02838 

3.36 

27.99 

.03573 

3.80 

31.65 

.03160 

4.24 

35.32 

.02831 

3.37 

28.07 

.03563 

3.81 

31.74 

.03151 

4.25 

35.40 

.02825 

3.38 

28.16 

.03551 

3.82 

31.82 

.03143 

4.26 

35.49 

1 .02818 

3.39 

28.24 

.03541 

3.83 

31.90 

.03135 

4.27 

35.67 

.02811 

3.40 

28.32 

.03531 

3.84 

31.99 

.03126 

4.28 

86.65 

.02805 

3.41 

28.41 

.03520 

3,85 

32.07 

.03118 

4.29 

'*35.74- 

.02798 

3.42 

28.49 

.03610 

3.86 

32.16 

.03110 

4.80 

3^:8^ 

.02792 

3.43 

28.57 

.03600 

3.87 

32.24 

.03102 

4.81 

35.90 

.02786 

3.44 

28.66 

.03489 

3.88 

32.32 

.03094 

4.32 

35.99 

.02779 

3.45 

28.74 

.03479 

3.89 

32.40 

.03086 

4.33 

36.07 

.02772 

3.46 

28.82 

.03470 

3.90 

32.49 

.03078 

4.34 

36.16 

.02766 

3.47 

28.91 

.03469 

3.91 

32.67 

.08070 

4.35 

3 S .24 

.02769 

3.48 

28.99 

.03449 

3.92 

32.65 

.03062 

4.36 

36.32 

.02753 

3.49 

29.07 

.08440 

3.93 

32.74 

.03064 

4.37 

36.40 

1 .02747 

3.50 

29.16 

> .03429 

3.94 

32.82 

030.47 

4.38 

36.49 • 

.02740 

3.51 

29.24 , 

.03420 

3.96 

32.90 

.03040 

4.39 

36.67 

.02734 

3.52 

29.32 

.08411 

a .96 

82.99 

.03031 

4.40 

36.66 

.02729 

^.58 

29.40 

:03401 

3.97, 

38.07 

.03024 

4.41 

36.74 

.02722 

3.54 

29.49 j 

.03391 

3.98 

88.15 

.03017 

4.42 

36.82 

! .02716 

3.55 

29.57 

.03382 

8.99 

33.24.1 

.03008 

4.43 

86.90 

.02710 

3.56 

29.65 

.03373 

4.00 

1 33.82 

.03001 

4.44 

86.99 

: .02703 


r* 

.03362 

4.01 

83.40 

1 ' 

.02994 

4.45 

37.07 

[ , 

nogQfi 
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BULKING VALUES AND YIELDS OF PIGMENTS AND LIQUIDS 


TABLE 89 (Continued) 


Specific 

Gravitj 

Weight 

Per 

Solid 

Gallon 

One 

Pound 

Bulks 

Gallons 

Specific 

Gravity 

Weight 

Per 

Solid 

Gallon 

One 

Pound 

Bulks 

Gallons 

Specific 

Gravity 

Weight 

Per 

Solid 

Gallon 

One 

Pound 

Bulks 

Gallons 

4.46 

37.15 

.02692 

4.90 

40.82 

.02450 

5.34 

44.48 

.02248 

4.47 

37.24 

.02685 

4.91 

40.90 

.02445 

5.35 

44.57 

.02244 

4.48 

37.32 

.02680 

4.92 

40.98 

.02440 

6.36 

44.65 

.02240 

4.49 

37.40 

,02674 

4.93 

41.07 

.02435 

5.37 

44.73 

.02236 

4.50 

37.49 

.02667 

4.94 

41.15 

.02430 

5.38 

44.82 

.02231 

4.51 

37.57 

.02662 

4.95 

41.23 

.02425 

5.39 

44.90 

.02227 

4.52 

37.65 

.02656 

4,96 

41.32 

.02420 

5.40 

44.98 

.02223 

4.53 

37.73 

.02650 

4.97 

41.40 

.02415 

5.41 

45.07 

.02219 

4.54 

37.82 

.02644 

4.98 

41.48 

.02411 

5.42 

45.15 

.02215 

4.55 

37.90 

.02639 

4.99 

41.57 

.02406 

5.43 

45.23 

.02211 

4.56 

37.98 

.02633 

5.00 

41.65 

.02401 

5.44 

45.32 

.02207 

4.57 

38.07 

.02627 

5.01 

41.73 

.02396 

5.45 

45.40 

.02203 

4.58 

38.15 

.02621 

5.02 

41.82 

.02391 

• 5.46 

45.48 

.02199 

4.59 

38.23 

.02616 

5.03 

41.90 

.02386 

5.47 

45.57 

.02194 

4.60 

38.32 

.02610 

5.04 

41.98 

.02382 

5.48 

45.65 

.02191 

4.61 

38.40 

.02604 

5.05 

42.07 

.02377 

5.49 

45.73 

.02187 

4.62 

38.48 

.02599 

5.06 

42.15 

.02373 

5.50 

45.82 

.02182 

4.63 

38.57 

.02593 . 

5.07 

42.23 

.02368 

5.51 

45.90 

.02179 

•4.64 

38.65 

.02687 

5.08 

42.32 

.02363 

5.62 

45.98 

.02175 

‘4.65 

38.73 

.02582 

5.09 

42.40 

.02358 

5.53 

46.06 

.02171 

4.66 

38.82 

.02576 

5,10 

42.48 

.02354 

5.54 

46.15 

.02167 

4.67 

38.90 1 

.02571 

5,11 

42.57 

1 .02349 

5.65 

46.23 

1 .02163 

4.68 

38.98 

.02565 

5.12 

42.65 

.02345 

5.56 

46.31 

.02159 

4.69 

39.07 

.02560 

5.13 

42.73 

.02340 

5.57 

46.40 

.02155 

4.70 

39.15 

.02554 

5.14 

42.82 

.02336 

5.58 

46.48 

.02151 

4.71 

39,23 

.02549 

5.15 

42.90 

1 .02331 

5.69 

46.56 

.02148 

4.72 

39.32 

.02543 

5.16 

42.98 

1 .02327 

5.60 

46.65 

.02144 

4.73 

39.40 

.02538 

5.17 

43.07 1 

1 .02322 

5.61 

46.73 

.02140 

4.74 

39.48 1 

.02533 

6.18 

43.15 

I .02317 

5.62 

46.81 

.02135 

4.75 

39.67 

.02527 

6.19 

43.23 

,02313 

5.63 

46.90 

.02132 

4.76* 

‘ 39.65 

.02522 

5.20 

43.32 

.02308 

5.64 

1 46.98 ' 

.02129 

4.77 

39.73 

.02617 

6.21 

43.40 

.02304 

6.65 

i 47.06 

.02125 

4.78 

39.82 

.02611 

5.22 

43.48 

.02200 

5.66 

j 47.15 

.02121 

4.79 

39.90 

.02606 

5.23 

43.67 

.02295 

5.67 

47.23 

.02117 

4.80 

39.98 

.02501 

5.24 

43.65 

.02291 

5.68 

^7.31 

,02114 

4.81 

^0.07 

.02496 

5.25 

43.73 

j .02287 

5.69 

47.40 

^ .02110 

4.82 

40.16 

.02491 

5.26 

43.82 

.02282 

6.70 

47.48 

.02106 

4.83 

40.23 

.02486 

6.27 

43.90 

.02278 

6.71 

47.56 

.02103 

4.84 

40.32 

.02480 

5.28 

43.98 

.02274 

6.72 

47.65 

.02099 

4.85 

40.40 

.02476 

5.29 

44.07 

.02269 

6.73 

47.73 

.02095 

4.86 

40.48 

.02470 

6.30 

44.16 

.02265 

6.74 

47.81 

.02092 

4.87 

40.57 

.02465 

6.81 

44.23 

.02261 

6.76 

47.90 

.02088 

4.88 

40.66 

.02460 

5.82 

44.32 

.02256 

6.76 

47.98 

.02084 

4.89 

’ 40.73 

. 02465 

5.38 

44.40 

.02252 

6.77 

48.06 

1 

.02081 
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PAPERS ON PAINT AND VARNISH 


TABLE 89 (Continued) 


Specific 

Gravity 

Weight • 
Per 
Solid 
Gallon 

One 

Pound 

Bulks 

Gallons 

Specific 

Gravity 

Weight ‘ 
Per 
Solid 
Gallon 

One 

Pound 

Gallons_ 

Specific 
^ Gravity 

Weight 

Per 

Solid 

Gallon 

One 

Pound 

Bulks 

Gallons 

6.78 

48.16 

.02077 

6.22 

61.81 

.01930 

6.66 \ 

65.48 ^ 

.01802 

6.79 

48.23 

.02073 

6.23 

61.90 

.01927 

6.67 

56.56 

.01800 

6.80 

48.31 

.02070 

6.24 

61.98 

.01924 

6 68 

56.64 

.01797 

6.81 

48.40 

.02066 

6.26 

52.06 

.01921 

6.69 

55.73 

.01794 

6.82 

48.48 

.02063 

6.26 

62.15 

.01918 

6.70 

66.81 

.01792 

6.8d 

48.66 

.02069 

6.27 

52.23 

.01915 

6.71 

65.89 

.01789 

5.84 

48.66 

.02056 

6.28 

52.31 

.01912 

6.72 

56.98 

.01786 

5.86 

48.73 

.02062 

6.29 

52.40 

.01908 

6.73 

56.06 

.01784 

6.86 

48.81 

.02049 

6.30 

52.48 

.01905 

6.74 

56.14 

.01781 

5.87 

48.90 

.02046 

6.31 

52.56 

.01903 

6.75 

66.23 

.01778 

5.88 

48.98 

.02042 

6.32 

62.65 

.01899 

6.76 

66.31 

.01776 

6.89 

49.06 ' 

‘ .02038 

6.33 

52.73 

.01896 

6.77 

56.39 

.01773 

6.90 

49.15 

.02034 

6.34 

52.81 

.01894 

6.78 

56.48 

.01771 

5.91 

49.23 

.0203i 

6.35 

52.90 

.01890 

6.79 

56.66 

.01768 

5.92 

49.31 

.02028 

6.36 

62.98 

.01888 

6 80 

66.64 

.01766 

6.93 

49.40 

.02024 

6.37 

63.06 

.01886 

6.81 

56.73 

.01763 

5.94 

49.48 

.02021 

6.38 

63.16 

.01881 

6.82 

66.81 

.01760 

6.96 

49,56 

,02018 

6.39 

53.23 

.01879 

6.83 

66.89 

.01758 

5.96 

49.65 

.02014 

6.40 

1 53.31 1 

.01876 

6.84 

66.98 

.01755 

6.97 

49.73 

.02§11 

6.41 

63.40 

.01873 

6.86 

67.06 

.01753 

6,98 

49.81 

.02008 

6.42 

63.48 1 

.01870 

6.86 

67.14 

.01750 

6.99 1 

49.90 

.02004. 

6.43 

63.56 1 

.01867 

6.87 

67.23 

.01747 

6.00 1 

49.98 

.02001 

6.44 

63.66 

.01864 

6.88 

57.31 

.01746 

6.01 ’ 

50.06 

.01998 

6.45 

63.73 

.01861 

6.89 I 

67.39 

.01742 

6.02 

60.16 

.01994 

6.46 

63.81 

.01868 

6.90 

67.48 

.01740 

6.03 

60.23 

.01991 

6.47 

53.90 

.01866 

6.91 

67.56 

.01737 

6.04 

’ 60.31 i 

.01988 

6.48 

63.98 

.01853 

6 92 

67.64 

.01735 

6.06 

60.40 

.01984 

6:49 

54.06 

.01860 

6.9$ 

67.78' 

.01732 

6.06 

50.48 

.01981 

6.60 

64.16 

.01847 

6.94 

67.81 

.01730 

6.07 

50.56 

.01978 

6.61 

64.23 

.01844 

"6.95 

67.89 

.01727 

6.08 

60.65 

.01974 I 

6.62 

64.31 

.01841 

6.96 

' 67.98 

.01726 

6.09 

60.73 

.01971 

6.63 

64.89 1 

.01839 

6.97 

68.06 

.01722 

6.10 

60.81 

.01968 

.6.54 

64.48 

.01836 

6.98 

68.14 

.01720 

6.11 

60.90 

.01966 

6.66 

64.66 

.01833 i 

6.99 

68.23 

.01717 

6.12 

50.98 

.01962 

6.66 

64.64 

.01880 

7.00 

68.31 

.01715 

6.13 

61.06 

.01968 

6.67 

64.73 

.01827 

7.01 

68.39 

.01713 

6.14 

61.1^ 

.01956 

6.68 

54.81 

.01824 

7.02 

68.48 

.01710 

6.16 

61.28.. 

.01062 

6.69 

64.89 

.01822 

7.03 

68.66 

.01708 

6.16 

61,31 

.01949 

6.60 

64.98 

.01819 

7.04 

68.64 

.01706 

617 

61.40 

.01946 

6.61 

"66.06 

.01816 

7.06 

68.73 

.01703 

6.18 

61.48 

.01943 

6.62 

66.14 

.01814 

7.06 

68.81 

.01700 

6.19 

51^ 

.01939 

6.63 

.6^.23 

.01811 

7.07 

68.89 

.01698 

6.20 

BXM 

.01986 

6.64 

;66.31 

.01808 

7.08 

68.98 

.01695 

6:21 

• "^1.73 

, .01988 

« 6.66 

. 55.89 

.01805 

t 

7.09 

59.06 

) 

.1 

.01693 
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BULKING VALUES AND YIELDS OF PIGMENTS AND LIQUIDS 


TABLE 89 (Continued). 


Specific 

Gravity 

Weight 

Per 

Solid 

Gallon 

One 

Pound 

Gallons 

Specific 

Gravity 

Weight 

Per 

Solid 

Gallon 

One 

Pound 

Bulks 

Gallons 

Specific 

Gravity 

Weight 

Per 

Solid 

Gallon 

One 

Pound. 

Bulks 

Gallons 

7.10 

59.14 

.01691 

1 

7.B4 

62.81 1 

.01692 

1 

7.98 

66.47 

.01604 

7.11 

59.23 

.01688 

7.55 

62.89 

.01690 

7.99 

66.66 

.01602 

7.12 

59.31 

.01686 

7.56 

62.97 

.01688 

8.00 

66.64 

.01501 

7.13 

59.39 

.01684 

7.57 

63.06 

.01586 

8.01 

66.72 

.01499 

7.14 

59.48 

.01681 

7.58 

63.14 

.01684 

8.02 

66.81 

.01497 

7.15 

59.56 

.01679 

7.59 

63.22 

.01582 

8.03 

66.89 

.01495 

7.16 

59.64 

.01677 

7.60 

63.31 

.01580 

8.04 

66.97 

.01493 

7.17 

59.73 

.01674 

7.61 

63.39 

.01578 

8.05 

67.06 

.01491 

7.18 

69.81 

.01672 

7.62 

63.47 

.01576, 

8.06 

67.14 

.01489 

7.19 

69.89 

.01670 

7.63 

63.56 

.01673 

8.07 

67.22 

.01488 

7.20 

69.98 

.01667 

7.64 

63.64 

.01571 

8.08 

67.31 

.01486 

7.21 

60.06 

.01665 

7.65 

63.72 

.01569 

8.09 

67.39 

.01484 

7.22 

60.14 

.01663 

7.66 

63.81 

.01567 

8.10 

67.47 

.01482 

7.23 

60.23 

.01660 

7.67 

63.89 

.01565 

* 8.11 

67.56 

.01480 

7.24 

60.31 

.01668 

7.68 

63.97 

.01563 

8.12 

67.64 

.01478 

7.25 

60.39 

.01666 

7.69 

64.06 

.01661 

8.13 

67.72 

.01477 

7.26 

60.48 

.01653 

7.70 

64.14 

.01569 

8.14 

67.81 

.01475 

7.27 

60.56 

.01651 

7.T1 

64.22 

.01657 

8.16 

67.89 

.01473 

7.28 

60.64 

.01649 

7..72 

64.31 

.01666 

8.16 

67.97 

.01471 

7.29 

60.73 

.01647 

7.73 

64.39 

.01563 

8.17 

68.06 

.01469 

7.30 

60.81 

.01644 

7.74 

64.47 

.01651 

8.18 

68.14 

.01468 

7.31 

60.89 

.01642 

7.75 

64.66 

.01649 

8.19 

68.22 

.01466 

7.32 

60.98 

.01640 

7.76 ! 

64.64 

.01547 

8.20 

68.31 

.01464 

7.33 

61.06 

.01638 

7.77 

64.72 

.016A6 

8.21 

68.39 

.01462 

7.34 

61.14 

.01636 

7.78 

64.81 ' 

.01643 

8.22 

68.47 

.01460 

7.35 

61.23 

.01633 

7.79 

64.89 

.01541 

8.23 

68.66 

.01459 

7.36 

61.31 

.01631 

7.80 

64.97 

.01639 

8.24 

68.64 

.01467 

7.37 

61.39 

.01629 

7.81 

66 06 

.01537 

8.25 

68.72 

.01456 

7.38 

61.48 

.01627 

7.82 

65.14 

.01636 

8.26 

68.81 

.01463 

7.39 

61.66 

.01624 

7.83 

66.22 

.01633 

8.27 

68.89 

.01462 

7.-^ 

61.64 

.01622 

7.84 

65.31 

.01531 

8.28 

68.97 

.01450 

iM 

61.73 

.01620 

7.86 

65.39 

.01629 

8.29 

69.06 

.01448 

7.42 

61.81 

.01618 

7.86 

66.47 

.01627 

8.30 

69.14 

.01446 

7.43 

61.89 

.01616 

7.87 

65.66 

.01626 

8.31 

69.22 

.01445 

7.44 

61.98 

.01613 

7.88 

66.64 

.01623 

8.32 

69.31 

.01443 

7.46 

62.06 

.01611 

7.89 

65.72 

.01622 

8.33 

, 69.39 

.01441 

7.46 

'62.14 

.01609 

7.90 

66.81 

.01620 

8.34 

69.47 

.01439 

7.47 

62.23 

.01607 

7.91 

66.89 

.01618 

8.35 

69.66 

.01438 

7.48 

62.31 

.01606 

7.92 

66.97 

.01616 

8.36 

69.64 

.01436 

7.49 

62.39 

.01603 

7.93 

66.06 

.01614 

8.37 

69.72 

.01484 

7.60 

62.48 

.01601 

7.94 

66.14 

.01612 

8.88 

69.81 

.01432 

7.61 

62 66 

.01698 

7.96 

66.22 

.01610 

8.39 

69.89 

.01431 

7.62 

62.64 

.01696 

7.96 

66.31 

.01608 

8.40 

69.97 

.01429 

7.63 

62.72 

.01694 

7.97 

66.39 

1 ‘ 

.01506 

8.41 

70.06 

.01427 
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PAPERS ON PAINT AND VARNISH 


Specific 

Gravity 


Weight 

Per 

Solid 

Gallon 


8.42 

8.43 

8.44 

8.45 

8.46 

8.47 

8.48 

8.49 
8.60 
8.61 
8.52 
8.63 

8.64 

8.56 

8.66 

8.67 

8.68 
8.69 
8.60 
8.61 
8.62 

8.63 

8.64 
8.66 
8.66 

8.67 

8.68 

8.69 

8.70 

8.71 

8.72 
8.78 
8.74 
8.76 

8.76 

8.77 

8.78 

8.79 

8.80 
8.81 
8.82 
8.88 
^.84 
t.85 


70.14 

70.22 
70.31 

70.39 

70.47 

70.66 

70.64 

70.72 
70.81 

70.89 

70.97 

71.06 
I 71.14 

71.22 

71.30 

71.39 

71.47 

71.66 

71.64 

71.72 

71.80 

71.89 

71.97 

72.06 

72.14 

72.22 

72.30 

72.39 

72.47 

72.66 

72.64 

72.72 

72.80 

72.89 

72.97 
73.06. 

73.14 
78.2^ 

78.80 

78.89 
izjm 
78.f6 

^ 8.72 


TABLE 89 (Continued) 


One 

Pound 

Bulks 

Gallons 

Specific 

Gravity 

Weight 

Per 

Solid 

Gallon 

One 

Pound 

Hulks 

Gallons 

.01426 

8.86 

73.80 

.01366 

.01424 

8.87 

73.89 

.01363 

.01422 

8.88 

73.97 

.01362 

.01421 

8.89 

74.05 

.01360 

.01419 

8.90 

74.14 

.01349 

.01417 

8.91 

74.22 

.01347 

.01416 

8.92 

74.30 

.01346 

.01414 

8.93 

74.39 

.01344 

.01412 

8.94 

74.47 

.01343 

.01411 

8.95 

74.66 

.01341 

.01409 

8.96 

74.64 

.01340 

.01407 

8.97 

74.72 

.01338 

.01406 

8.98 

74.80 

.01837 

.01404* 

8.99 

74.89 

.01336 

.01403 

9.00 

74.97 

.01334 

.01401 

9,01 

76.06 

.01332 

.01399 

9.02 

75.14 

.01881 

.01398 

9.03 

75.22 

.01329 

.01396 

9.04 

75.30 

.01328 

.01394 

9.06 

75.39 

.01326 

.01393 

9.06 

75.47 

.01326 

.01391 

9.07 

75.56 

.01324 

.01389 

9.08 

76.64 

.01322 

.01388 

' 9 09 

75.72 

.01321 

.01386 

9.10 

76.80 

.01319 

.01386 

9.11 

75.89 

.01318 

,01383 

9.12 

76.97 

.01316 

.01381 

9.13 

76.05 

.01316 

.01380 

9.14 

76.14 

.01813 

,01378 

9.16 

76.22 

.01312 

.01877 

9.16 

76.30 

.01311 

.01376 

9.17 

76.39 

.01309 

.01374 

9.18 

76.47 

.01308 

.01372 

9.19 

76.66 

.01306 

.01370 

9.20 

76.64 

.01306 

.01369 

9.21 

76.72 

.01303 

.01867 

9.22 

76.80 

.01302 

.01366 

9.28 

76.89 

.01801 

.01364 

9.24 

76.97 

.01299 

.01863 

9.26 

77.06 

.01298 

.01861 

9.26 

77.14 

.01296 

.01360 

9,27 

7r.22 

.01296 1 

.01858 

9.28 

77.30 

.01294 

;01856 

,9.29 

1 

,77.89 

1 

.01292 


Specific 

Gravity 

•Weight' 

Per 

Solid 

Gallon 

One 

Pound 

Hulks 

Gallons 

9.30 

77.47 

.01291 

9.31 

77.55 

.01289 

9.32 

77.64 

.01288 

9.33 

77.72 

.01287 

9.34 

77.80 

.01285 

9.35 

77.89 

.01284 

9.36 

77.97 

.01283 

9.37 

78.05 

.01281 

9.38 

78.14 

-.01280 

9.39 

78.22 

.01278 

9.40 

78.30 

.01277 

9.41 

78.39 

.01276 

9.42 

78.47 

.01274 

9.43 

78.55 

.01273 

9.44 

78.64 

.01272 

9.46 

78.72 

.01270 

9.46 

78.80 

.01269 

9.47 

78.89 

.01268 

9.48 

78.97 

.01266 

9.49 

79.05 

1 .01266 

9.60 

79.14 

.01264 

9.61 

79.22 

.01262 

9.62 

79.30 

.01261 

9.53 

79.38 

.01260 

9.64 

79.47 

.01269 

9.66 ^ 

79.66 

.01267 

9.66.- 

79.63 

.01256 

9,67 

79.72 

.01254 

9.68 

79.80 

.01253 

9.59 

79.88 

.01252' 

9.60 

79.97 

.01260 

9.61 

80.05 

.01249* 

9.62 

80.13 

.01248 

9.63 

80.22 

.01247 

9.64 

80.30 

.01245 

9.66 

80.38 

.01244 

9.66 

80.47 

.01243 

9.67 

80.65 

.01241 

9.68 

80.63 

.01240* 

9.69 

80.72 

.01239* . 

9.70 

80.80 

.01238. 
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BULKING VALUES AND YIELDS OP PIGMENTS AND LIQUIDS 
TABLE 90 
WHITE LEAD 


1 

Commercial Name I 

of Plsmont 

1 

b'umiahod by | 

Infarm&tiiin Voluntarily SubmitUid 

Specifle 

Gravid 

111 

One pound 
bulks 
Uollona 


' 



* 

♦ » 

Basic Carbon- 
ate White 
Lead 

Eagle Picher 
Lead Co. 

__ .. 

6.81 

56.73 

.01763 

Sublimed 

White Lead 

Eagle Picher 
Lead Co. 

Lead Sulfate 81.56%, 

Lead Oxide 12.05%, 

Zinc Oxide 6.09% 

6.39 

53.23 

.01879 

Basic Sulfate 
White Lead 

National Lead 
Co. 

___ 


6.44 

53.65 

.01864 

Vlatheson 

White Lead 

National Lead 
Co. 


6.72 

55.98 

.01786 

Did Dutch 
White Lead 

National Lead 
Co. 

1 

6.81 

56.73 

.01763 

Carter 

White Lead 

National Lead 
Co. 


6.78 

56.48 

.01771 

White Lead 

E. I. DuPont de 
Nemours & 
Co. 


6.70 

55.81 

.01792 

Anaconda 

White Lead 

Anaconda Lead 
Products Co. 

Lead Carbonate 70.2% | 6.79 

Lead Hydrate 29.7% j 

66.66' 

1 

.01768 


♦Weight per solid gallon Is obtained by multiplying the specific gravity of a pigment 
by 8.33 (apparent weight In air of 1 gallon of water at 60® F.) 

**Dl^e 100 by weight per solid gallon to obtain fraction of gallon bulked by 1 lb. 
of pigii(hit. Move decimal point one place to right for 10 pounds — two places to right 
for 100 lbs., etc. 
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PAPERS ON PAINT AND VARNISH 
TABLE 91 

ZINC OXIDES 


CoouiMVBlil Nana 
of Flgmant 

Furnlahud by 

Information Voluntarily Submitted 

Specific 

Gnvitr 

■aiffl* 

One pound 
Bulka 
Gallons 

Florence 

Gfreen Seal 

Zinc Oxide 

New Jersey 
Zinc Co. 

Florence French Process. 
Zinc Oxide 99.3% Minimum. 
Impurities & Moisture .7% 
Maximum. 

5.70 

47.48 

.02106 

Florence 
iVhite Seal 

Zinc Oxide 

New Jersey 
Zinc Co. 

Florence French Process. 

Zinc Oxide 99.3% Minimum. 
Impurities & Moisture .7% 
Maximum. 

5.66 

47.15 

.02121 

Florence 

Red Seal 

Zinc Oxide 

New Jersey 

Zinc Co. 

Florence French Process. Zinc 
Oxide 99.3% Minimum; Im- 
purities & Moisture .7% 

1 Maximum. 

5.72 

47.65 

.02099 

U. S. P. 

Zinc Oxide 

(> 

(New Jersey 
Zinc Co. 

I 

i 

1 

5.70 

47.48 

.02106 

iVhite Seal Im- 
ported French 
Zinc Oxide 

1 

Reichard- 

Coulston, 

Inc. 

1 

Bureau of Standards analysis 
shows 95.3% Zinc calculat- 
ed as ZnO also COs, MgO, 
etc. Pigment probably con- 
tains some carbonate. 

5.32 

44.32 

.02256 

SZZ Leaded 
Zinc Oxide 

American Zinc 
Lead and 
Smelt. Co. 

1 

1 * 

1 

I 

1 1 

6.69| 

46.56' 

1 

.02148 



BULKING VALUES AND YIELDS OF PIGMENTS AND LIQUIDS 
TABLE 92 

LEADED ZINC OXIDES 


Commercial Name 
of IMsment 

Pumiiihud by 

Information Voiontarily Submlttud 

Sppciflc 

Gravity 

Weifbt 
per aolid 
Gallon 

On« pound 
Bulks 
Gallona 

Lehigh Leaded 
Zinc Oxide 

iNew Jersey 

1 Zinc Co. 

Zinc Oxide. 60% Minimum 
Lead as Lead Sulfate 33-37% 
1 Impurities and Moisture 1.5% 
1 Maximum. 

5.95 

49.56 

.02018 

Sterling 

Leaded Zinc 
Oxide 

1 

New Jersey 

1 Zinc Co. 

1 

Zinc Oxide. 86.5% Minimum 
Lead as Lead Sulfate 8-12% 
Impurities and Moisture .5% 
1 Maximum. 

5.75 

47.90 

1 

.02083 

1 

Standard 
Leaded Zinc 
Oxide 

New Jersey 
Zinc Co. 

Zinc Oxide 93% Minimum 
Lead as Lead Sulfate 3-5.5% 
Impurities and Moisture 1.5% 
Maximum. 

5.62 

46.81 

.02136 

Superior 

Leaded 

Zinc Oxide 

New Jersey 
Zinc Co. 

Zinc Oxide 77.5% Minimum 
Lead as Lead Sulfate 18.5- 
i 21% 

Impurities and Moisture 1.5% 
Maximum. 

5.92 

49.31 

.02028 

tebigh Leaded 
Zinc Oxide 

1 1 

Mineral Point 1 1 

Zinc Co. 1 

5.88 

48.98 

.02042 

Sterling 

Leaded Zinc 
Oxide 

Mineral Point 
Zinc Co. 


5.73 

47.73 

.02095 

Standard 
Leaded Zinc 
Oxide 

Mineral Point 
Zinc Co. 


5.58 

i 

46.48 

.02161 

Superior 

Leaded Zinc 
Oxid# 1 

Mineral Point 
Zinc Co^ 


5.77 

48.06 

.02081 

Ozlo Leaded 
Zuic Oxide 

Sherwin- 
Williams Co. 

Zinc Oxide 65% 

Lead Sulfate 35% 

5.94 

49.48 

.02021 

Z Leaded 

Zinc Oxide 

American Zinc 
Lead and 
Smelt. Co. 


,5.66 

47.16 

.02121 

ZZ Leaded 

Zinc Oxide 

1 

American Zinc 
Lead and 
Smelt. Co. ’ 


6.61 

46.78 

.02140 
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PAPERS ON PAINT AND VARNISH 
TABLE 92 (Continued) 

LEADED ZINC OXIDES (Continued) 


CoauBflTci*! Nium 
of PUnnont 

F^minhcd by 

Ir formation Voluntarily Submitted 

Specific 

Gravity 

Welirht 

pcrnolid 

Gallon 

Ono pound 
Ilulkn 
Gallons 

1 

Zenith Leaded 1 

1 

1 American 

IZinc Oxide 

1 

66.26 

1 5.86 

00 

00 

|.02052 

Zinc Oxide I 

1 Metals Co. 

ILead Sulfate 

24.09 


1 


Arctic Brand 


Lead Oxide 

9.09% 1 

1 





Chlorine 

0.08 1 






Zinc Sulfate 

0.48 1 






ISulfur Dioxide 

0.02 



! 



[Water 

0.22 




Zenith 

American 

1 

Zinc Oxide 

1 

96.6 

i 

6.60 

1 

46.65 

.02144 

Leaded Zinc 

' Metal Co. 

Lead Sulfate 

2.9 




Oxide 


Chlorine 

0.08 




Polar Brand 


Zinc Sulfate 

0.83 






Sulfur Dioxide 

0.01 





O 

Water 

0.14 





£68 



BULKING VALUES AND YIELDS OF PIGMENTS AND LIQUIDS 
TABLE 93 

LITHOPONE 


Cnminorciul Namu 

Furnlnhuii by 

Infiimiutuin Voluntnrily Submittud 


Welarht 

Oiw pound 

uf Pigment 




Gullun 

Gnllona 

Sterling 

Midland Chem. 

! 

4.31 

86.90 

.02786 

Lithopone 

Co. 





Standard 

New Jersey 

|Zinc Sulfide 27% Minimum; 

4.31 

36.90 

.02786 

AA W 
Lithopone 

Zinc Co. 

1 Barium Sulfate 70.5% Max- 
1 imum; Impurities and 
1 Moisture 1.5% Maximum 




Green Label 

New Jersey 

jZinc Sulfide 27% Minimum; 

1 Barium Sulfate 71% Max- 

4 29 

36.74 

.02798 

Lithopone 

Zinc Co. 




{ imum; Impurities and 
1 Moisture 1.5% Maximum 

1 

Green Seal 

E. I. DuPont 

1 

4.30 

36.82 

.02792 

Beckton 

de Nemours 





White 

Lithopone 

and Co. 


1 

1 



‘Poholith AXI 

Krebs Pigment 

iZinc Sulfide 27.06%-; Barium 

1 

4.311 

36.90^ 

.02786 

Lithopone 

1 

and Chem. Co.! Sulfate 71.86%; Total Zinc 





I 19.68%; Zinc Oxide 1.90% 




i 

Zincolith ' 

Chemical 

1 Barium Sulfate 70.65%; Zinc 

4.29 

36.74 

.02798 

Lithopone 

1 

Pigments 

[ Sulfide 27,68%; Zinc Oxide 




Corp. 

j 1.29%; Moisture .05% 




1 

Lithopone ’ 

1 

jherwin 

I 

jZinc Sulfide 30% 

4.28* 

36.66 

.02805 

Williams Co 

4 Barium Sulfate 70% 




1 

# I 


1 - 


1 


Marbon White I 

Minerals Ref. 

IZinc Sulfide 28% 

4 271 

35.67 

.02811 

Lithopone 

and Chem. 

1 Barium Sulfate 70% 




1 

•Corp. 

[Zinc Oxide 2% 
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PAPERS ON PAINT AND VARNISH 
TABLE 94 

MISCELLANEOUS WHITE PIGMENTS 


ComnMrelal Name 
of Piomflot 

Furnlahed by 

Information Voluntarily Submitted 

Bpecifle 

Gravity 

Waiffht 
per aolid 
Gallon 

One pound 
Bulkr. 
Gallons 

j 

B X Titanox 

Titanium I 

Pigment Co.,1 
Inc. Niagara 
Falls 

Titanium Oxide 16% 

Barium Sulfate 84% 

100% 

4.31 

35.90 

.02786 

1 

B X X Titanox 

Titanium 
Pigment Co., 
Inc. Niagara 
Falls 

Titanium Oxide 25% 

Barium Sulfate 75% 

100% 

4.28^ 

35.65 

.02805 

Asbestine 

1 

International 
Pulp Co. 


2.85 

23.74 

.04212 

Gypsum 

(H.B. Hughes) 


2.36 

19.66 

.05086 

“Dunkru” 

Magnesium 

Silicate 

Dunn & Kruse 


2.72 

22.66 

.0441? 

A XXX Metro 
Nite j 

1 

1 S. C. Johnson & 

1 Son 

1 

Magnesium- Aluminum 
Silicate. Finely divided I 
and white. | 

2.94 

_i 

24.49 

.04083 


Name in brackets Indicates makers name as furnished by grindfer. 
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BULKING VALUES ANb YIELDS OP PIGMENTS AND LIQUIDS 
TABLE 95 

BARIUM SULFATE 


Commerclml Name 
of Picmant 

FumiBhed by 

InformitUon Voluntarily Submitted j 

STv© 

Veiffht 

terulid 

Gallon 

liM pound 

<Sll£l 

Barytes “A” 

1 

Point Milling 
and Mfg. Co. 

Barium Sulfate 99.62%; Mois- 
ture .05%; Silica .42%; 
Sesqui-0 xide of Iron 
.005%; Alumina, Lime and 
Carbonic acid — None. 

4.44 

36.99 

.02703 

Barytes “B” 

Point Milling 
and Mfg. Co. 

Barium Sulfate 99.52%; Mois- 
ture .05% ; Silica .42% ; 
Sesqui-0 xide of Iron 
.005%; Alumina, Lime and 
Carbonic acid — None. 

4.45 

37.07 

.02698 

Barytes “C” 

■( 1 

Point Milling | Barium Sulfate 99^2%; Mois- 
1 and Mfg. Co.j ture .05%; Silica .42%; 

1 1 Sesqui-0 xide of Iron 

! ! .005%; Alumina, Lime and 

i j Carbonic acid — None. 

1 ! 

4.45 

37.07 

.02698 

Foam ‘‘A” 
Barytes 

1 

!J. C. Finck 

1 Mineral 


4 46 

37.15 

.02692 


1 Milling Co. 




.. 

Cream Floated 
Lead Bloom 

1 

INulsen Corp. 

1 

1 

4.46 

37.15 

.02692 

Barytes 





__ 

Blanc Fixe 
Standard 
Quality 

1 

iRollin Chem. 

1 Co. 

1 

1 

1 

1 Barium Sulfate 98.08% 

1 Barium Carbonate .76% 

1 Alkali .04%; Loss on Igni* 
j tion 1.06%; Moisture .06% 

1 Direct Precipitation. 

; 4.28 

35.66 

.02805 

j 
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PAPERS ON PAINT AND VARNISH 
TABLE % 

WHITE CLAY, CHINA CLAY 

(Aluminum Silicate) 


Commarei»l Nmm j 

of PisniMit 1 

Fumliihod by j 

Information Voluntarily Bubmitlod 

Spocifio 

Gravity 

Wet^rti t One ponnd 
per solid bul^a 

Gallon 1 Galluna 

I!hina Clay 

Tamms Silica 
Co. 


2.62 

21.82 

.04583 

Mumicla China 
Clay 

1 

1 

Keystone 
Minerals Co. 

Silica 45.94% ; Alumina 
36.82%; Titanium Oxide 
1.25% ; Calcium Oxide 
.31%; Iron Oxide 1.05%; 
Sodium Oxide .30%; Mag- 
nesium Oxide .10%; Potas- 
1 sium Oxide .10% 

2.62 

21.82 

.04583 

1 

?*ure White I 
Clay 

! 

American * 
China Clay 
; Co. 

American 
Kaolin Co., 
Agents 

1 j 

! 

1 

1 

2.60 

21.66 

i 

.04617 

K A Lump ! 

Clay 1 

1 

1 (Phila. Clay I 

Co.) i 

1 

1 

1 

2.65 

[ 

22.07 

.04531 
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BULKING VALUES AND YIELDS OP PIGMENTS AND LIQUIDS 
TABLE 97 

TALC 

(Magnesium Silicate) 


' ('commercial Namu 
of Pismont 

FurnlHhed by 

Information Voluntarily Submitted 

Speclflr 

Gravity 

Weteht 
per solid 
Gallon 

One pound 
Bulks 
Gallons 

(A) Talc. 

1 

|Maj?nesia Talc 
! Co. 

1 

|2C0 Mesh and Finer. Silica 
1 60%; Alumina 4%; Pyrite 
1 3.5%; Magnesia 28%; 

1 Water 4.5% 

2.80 

23.32 

.042SS 

(1). C.) Talc. 

1 Magnesia Talc 

1 Co. 

|300 Mesh and Finer. Silica 
1 60%; Alumina 4%; Pyrite 
1 3.5% ; Magnesia 28% ; 

1 Water 4.5% 

1 

2.78 

23.16 

04318 

No. 110 Blue 
Ilidjye Talc. 

i Franklin Soap- 
1 stone Prod- 
1 ucts Corp. 

1 

1 Silica .43.24% ; A J .u m i n a 
1 .9.22% ; Ferrous Oxide 
j 5.47%; Ferric Oxide 
6.72%; Titanic Acid .48%; 
Manganese Oxide .61%; 
Lime 1S6%; Magnesia 
25.62%; Sodium Oxide 
.34% ; Carbon Dioxide 
.79%; Sulphur .09% 

2.88 

1 

23.99 

1 

.04168 

13-G Talc. 

1 * merican 

1 Minerals Co. 

Magnesia 26.3%; Alumina^ 
15.9%; Silica 33.9%; Iron 
2.9%' ; Loss on Ignition 
21.0%' 

‘ 

2.88 

23.99 

! 

04168 
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PAPERS ON PAINT AND VARNISH 
TABLE 98 

WHITING 


CoaunerelaJ Nmm 
of nsBMBt 

Kumlahod by | 

Informatton Voluntarily Submitted 

Spoclflc 

Gravity 

Weight 
per aolid 
Gallon 

One pound 
Kulka 
Gallona 

Gilders Bolted 
Whiting 

Heath and 
Milligan 


2.72 

22.66 

.04413 

White Mineral 
Primer 

Heath and 
Milligan 


2.72 

22.66 

.04413 

G-6946 

Whiting 

E. M. & F. 
Waldo 


2.71 

22.57 

.04431 

G 5947 Whiting 

E. M. & F. 
Waldo , 


2.71 

22.57 

.04431 

T. C. Floated 
Whiting 

Tamms Silica 
Co. 

1 

Calcium Carbonate 99.06% ; 
Magnesium Carbonate 
.13%; Alumina .22%; Loss 
on Ignition .08%; Silica 
.51%; Alkali .056% 

1 1 

2.74 

22.82 

.04382 

1 

Reliance 1 

Whiting 1 

1 

! 

1 

1 Tamms Silica I 
Co. 

1 

[Calcium Carbonate 95.91%; 

1 Magnesium Carbonate 
1 .88%; Alumina 1.41%; Sil- 
1 ica 1.39%; Iron .41%; Al-| 
1 kali .077% 

1 

2.72 

22.66 

1 

1 

. '1 

.04413 

1 

Danish Gilders 1 
Whiting * 1 

1 

Tamms Silica 
Xo. ! 

! 

r “■■■■‘I 

Calcium Carbonate 9^8.83%; 
Magnesium Carbonate 
.65%; Iron and Alumina 
.18%; Silica .34%; Alkali 
1 .049% 

2.71 

22 . 67 I 

.04431 

~ 1 

Calcite White I 
Primer j 

1 Tamms Silica ’ 
Co. 

• 

Calcium Carbonate 99.06%; 
Magnesium Carbonate 
.13%; Alumina .22%; Sil- 
ica .51%; Loss on Ignition 
.08% 

2.73 

22.74 

04398 

Extra ' Gilders 
Whiting 

r 

jNulsen Corp. 

1 

2.71 

22.57 

.04431 
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BULKING VALUES AND YIELDS OP PIGMENTS AND LIQUIDS 
TABLE 98 (Continued) 

WHITING (Continued) 


CammereiKl 
of Picmont 

■ ■ "1 

Kumlnhod by | 

Infcirmatlun Volunturily flubmlttnil 

Jpoclfto 

Gravity 

SSiiS 

Gallon 

OMDOOBd 

bnlki 

Oalioiui 

White Mineral 
Primer 

1 Nulsen Corp. 

1 


2.71 

22.57 

.04431 

Gilders 

Whiting 

j (B. Moore & 

1 Co.) 

1 

2.71 

22.57 

.04431 

Nulsen 

Gilders 

Whiting 

I (Nulsen 

1 Corp.) 

i 

1 

1 

2.71 

22.57 

.04431 

Bolted Gilders 
Whiting 

in. F. Taintor 

1 Mfg. Co. 

1 

i 

! 

1 

2.71 

22.57 

.04431 
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PAPERS ON PAINT AND VARNISH 
TABLE 99 

SILICA 


Commareial Name 
of Pigment 

FumiaktHl by 

Informetion Voluntarily Submitted J 

Specific 
.ravity ’ 

W^eight 1 

[>«rBolid 

(iallon 

One ponnd 
bulks 
Gallons 

No. 68 
Crystalline 
Silica 

Tamms Silica 
Co. 

j Silica 99.8% 

2.65 

22.07 

.04631 

Velveteen 

Silica* 

Tamms Silica 
Co. 

200 Mesh 

Silica 99%; Alumina .2%; 
Magnesium Oxide .4%; 
Undetermined and Moisture 
.4% 

2.64 

21.99 

.04548 

Gold Bond 
Silica* 

Tamms Silica 
Co. 

1 

1 

' 460 Mesh 

Silica 99%; Alumina .2%; 
Magnesium Oxide .4%; 
Undetermined and Moisture 
t .4% 

2.65 

22.07 

.04531 

No. 10 Snow 
White Crys- 
talline Silica 1 

1 ] 

Tamms Silica I 
Co. 1 

Silica 99.8% 

2.65 

22.07 

.04531 

Silver Bond 
Silica* 

1 1 

Tamms Silica 1 
Co. 

1 

350 Mesh 

Silica 99%; Alumina .2%; 
Magnesium Oxide .4%; 
Undetermined and Moisture 
; .4% 

1 

2.64 

21.99 

.04548* 

No. 1 Silica 

International 
Silica Co. 

1 

1 

Silica 99.4% Alumina .22%; 
Iron Oxide .14% Calcium and 
Magnesium Oxides None; , 

Amorphous Decomposed .y' 

2.65 

22.07 

.04631 

No. 160 Soft 
Silica 

(Innis-Speiden 

Co.) 


2.64 

21.99 

.04548 

Pure Carrara 
Silica 

Isco-Bautz Co. 

* 

1 

Silica 99.6%; 99%-360 Mesh 
All 300 Mesh; Amorphous 
Decomposed Quartz ground 
in water Floatation Precipita- 
tion. 

2.66 

22.07 

.04531 

No. 400 Mesh 
'Pure Silica . 

(Eureka Flint 
& Spar Cq.) 

. g 

* 

2.66 

22.16 

.04613 


•Amorphhoua ^►ecompoaed Quartz— Water Ground and Floated. 
: , 27 ^ 



BULKING VALUES AND YIELDS OF PIGMENTS AND LIQUIDS 
TABLE 99 (Continued) 

SILICA (Continued) 


['>ummorcia1 Name 
of Piinnent 

Kurtiiahed by 

Information VolimtHrlly 

Submlttod 1 J 

! 

Kg 

L.r8vity Gallon Gailona 

Lithowhite 

Lithowhite Si- 

Pure Quartz Silica 


2.66 22.16 04513 

Silex 

lex Co. 





Still River, 





Conn. 



1 

No. 200 Kallitc I Tamms Silica 




Silica 

Co. 

s,o. 

88.39 


Infusorial 


Fe.Oa ■ 

6.31 

1.95 16.24 .06168 

Earth. 



.38 




Loss on Ignition 

4.92 





100.00 
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PAPERS ON PAINT AND VARNISH 
TABLE 100 


MINERAL FILLERS 


GonmiMei*! Name 
of Pisment 

Purniohed by 

Information Voluntarily Submitted \ 

Specific 

Gravity 

WetKht 

peraolid 

Gallon 

Bulks 

Gallons 

1 

Keystone Filler [Heath and 

1 Milligan 

j 

r 

2.72 

22.66 

.04413 

Keystone Black 
Filler No. 1 

■ 

1 

Keystone 
Minerals Co. 

1 

98.5%-300 Mesh, nearly all 

1 200 Mesh. Silica 69.24% 

[ Alumina 17.10%; Iron 
1 7.26%; Carbon 14.30%; 
j Volatile and Water 2.00% 

1 

2.71 

22.57 

.04431 

Keystone 

Filler No. 1 

(Keystone 
Min. Co.) 

1 

1 

1 

1 

2.71 

22.57 

.04431 

1 

XXX Keystone 
Filler 

1 (Keystone Pt. 
1 & Filler Co.) 

1 

1 

1 

1 

1 

2.69 

22.41 

.04462 
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BULKING VALUES AND YIELDS OP PIGMENTS AND LIQUIDS 


TABLE 101 

RED LEAD. LITHARGE, BLUE LEAD 


Maine 
of Ptsment 

r 

Purniiihed by | 

Information Voluntarily Rubmitted | 

SpMifle 

Gravity 

Walvht 

Ona pound 
biilka 
Oalktna 

AAA Orange 
Mineral 

Eagle Picher 
Co. 

Pb.O, 93% 

8.91 

74.22 

.01347 

Sublimed 

Blue Lead 

Eagle Picher 
Co. 

Lead Sulfate 49.76% 

Lead Sulfide 6.05% 

Zinc Oxide 1.00% 

Lead Oxide 37.68% 

Lead Sulfite 2.76% 
Undetermined 2.77% 

6.67 

66.56 

.01800 

Sublimed 

Litharge 

Eagle Picher 
Co. 

17 grams to cubic inch 

9.53 

79.38 

.01260 

Paint Grinders 
Red Lead 

Ea^le Picher 
Co. 

Pb,0. 88.8% 

8.90 

74.14 

.01349 

96% Red Lead 

* 

National Lead 
Co. 

Pb,0. 96% 

8.70 

72.47 

.01380 

87% Red Leadj 

National Lead IPbA 87% 

Co. 1 

8.98 

i 

74.80 

1 

.01337 

Litharge 

E. I. DuPont de 
Nemours & 
Co. 


9.31 

77.66 

.01289 

Red Lead 

1 

1 

E. 1. DuPont de 
Nemours & ' 
Co. 


8.86 

73.72 

.01366 

1 

No. 4 Orange 1 
Miner® 1 

1 

E. I. DuPont de 
Nemours & 
Co. 


8.35 

1 

69.66 

1 

9 

.01438 

Toufs Orange 
Mineral 

1 

Beichard 

Coulston, 

Inc. 

.>r 

8.7J 

• 1 

73.14 

.01367 

’ 1 

Lead Oxide I 

j 

Metals Disinte- 
grating Co. 

' 

Manufactured from Standard 
Brands Pig Lead and Con- 
tains same impurities. 

9.62 

] 

80.18 

.01248 
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PAPERS ON PAINT AND VARNISH 


TABLE 102 


LAKES AND TONERS 


Commercial Name 
of Pigment 

Ki rniahed by 

Information Voluntarily Si-bmitloil j 

Sproiflc 

tiruvity 

Weight 
per solid 
Gallon 

Onu pound 
Jliilkit 
GatlouH 

Toluidine 

Lake 

T 

iSherwin- 
1 Williams Co. 

1 

[Toluidine Toner. 

2.79 

23.24 

.04303 

Brilliant 

1 

tSherwin- 


2.64 

121.99 

.04548 

Oranjfe Lake 

1 Williams Co. 

1 




1 

Chrome Scarlet (Sherwin- 

1 . Williams Co. 

1 

1 Scarlet Lead Chromate 
[American Vermilion. 

6.54 

54.48 

.01836 

Permanent 

Geranium 

Lake 

1 ^ 1 

iSherwin- [Production discontinued 

Williams Co. 1 by manufacturers. 

2.47 

20.68 

04859 

Burgundy 

Lake 

Sherwin- 
Williams Co. 

( 

[Color modified by producer 

1 since sample was sub- 
1 mitted. 

2.80 

23.32 

.04288 

Para 

Toner L 

^ 1 
Sherwin- [Light Shade of Para. 

Williams Co. [3-5% Base Material 

(probably Lime Carbonate 

1.50 

12.60 

.08000 

Para 

Toner Dark 

Sherwin- 
Williams Co. 

1 

[Pure Para Toner Deep Shade. 

1.62 

1 

13.49 

.07413 

Maroon 

Toner 

Sherwin- 
Williams Co. 

1 

1.74 

1 

14.49 

.06901 

Para 

Lake D 

Single 

Sherwin- [7% Para Toner precipitated 

Williams Co. 1 on inert base chiefly Cal- 
1 cium Carbonate. 

2.73| 

22774 

.04398 

Strength 


L- . 


' 


Oriental 

Red L 

• 

Sherwin- 
Williams Co. 

10% Lt. Shade Para Toner 

1 precipitated on inert 

I base composed of 60% Car- 
1 bonate Lime and 40% Bar- 
1 ium Sulfate. 

~2T6 

1 

22.07 

|7045'31 

Azoline “0” 
Para Red 1 

(Kohnstamm 
& Co.) 


8.74j 

|3lJ6 

.03210 

Nopal Maroon I 
10168 1 

Devoe 

R^olds 

Lake Color Organic Dye 
Blanc Fixe Base. 

3.55 

29.67 

.03382 

Nopal Maroon 

Devoe 

Lake Color Organic Dye 

3.66)30.40 

.03289 

10201 

Reynolds 

Blanc .Fixe Base. 




Chatemuc Lake Devoe Lake Color, Natural Dye. 

. 2729 Reynolds Calcium Carbonate Base 

2.12 17.66 

L06663 

... 

Rose Pink 

Devoe 

Lake Color Natural Dye. 

2.43120.24 

.04Mi 

2727 

Reynolds 

Calcium Carbonate Base 
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BULKING VALUES AND YIELDS OF PIGMENTS AND LIQUIDS 
TABLE 102 (Continued) 


LAKES AND TONERS (Continued) 


'cSfimwcUl Name 
of Pigment 

Furnished by 

Information Voluntarily Submitted 

Spooiflo 

Onvltgr 

Waight 

‘oaudiT 

(mU. 

Coach Red D 

G. Siegle Corn. 

6% Pure Para Red ou 

2.56 

21.32 

.04690 


|94% Calcium Carbonate 




Mode Red D 

G. Siegle Corn. 

6% Pure Para Red on 

4.01 

33.40 

.02994 


|94% Barium Sulfate 




Maroon Lake 

(A. B. Ans- 


3.78 

31.49 

.03176 


backer & Co. )| 




Perfectona 

F. 0. Pierce Co. 

100% Pure Para Red 

1.51 

12.58 

.07949 

Extra Light 


1 




Rubeina 

F. 0. Pierce Co. 

100% Pure Para Red 

1.61 

12.68 

.07949 

Uzatona 


' 




Light 





_ 



Uzatona 

F. 0. Pierce Co. 

100% Pure Para Red 

1.47 

12.25 

.08163 

Dark 

__ ... __ 

_ 

. 



Uzatona 

F. 0. Pierce Co. 

100% Pure Toluidin Red 

1.47 

12.25 

.08163 

Toluidin 






Extra Light 

_ 








Scarlet Lake 


Barium Sulfate 70.% 

3.25 

27.91 

.03583 

No. 116 


Scarlet Dye 22. 








Aluminum Hydrate 8. 

~1 


- _ 

Lithia 


Barium Sulfate 67. % 

6.09 

42.40 

.02358 

Vermilion 


Orange Mineral 38. 




Dark No, 129 


Para Toner 3. 




— - 


Precipitated Eosin 1.5 







Para ^d | 

Devoe 

100% pure Para Red 

1.51 

12.68 

07949 

_i 

Reynolds 


1 



Para Red 

Devoe 

20% Para Red on Barium 

1 

2.99 

24.91 

.04014 

€0169 B 1 

Reynolds 

Carbonate, Aluminum Hy- 




J 


drate and Blanc Fixe Base 

1 



Red ' 1 

[oevoe 

Lake Color Organic Dye. 

8.43 

28.67 

.03600 

467C 

1 Reynolds 

Blanc Fixe Base 




Quaker Red 

1 Devoe I 

jl6% Para Red on Barytes 

8.21! 

26.74 

.03740 

9479 

1 Reynolds 
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PAPERS ON PAINT AND VARNISH 
TABLE 103 


TUSCAN RED 


CommereUI Name 
of Ficment 

Fumiehed by 

Information Voluntarily Submitted 

ipeciflc 

Gnvity 

Welcht 

peraolid 

Gallon 

Bulks 

Gallons 

No. 1 Tuscan 

1 

1 Reichard- 

Indian Red 31.5-35.0% 

3.97 

33.07 

.03024 

Red 

1 Coulston, Inc* 

Barium Sulfate 56.0-68.0% 





1 

1 

Zinc 3.0-10.0%; Dye 9.1% 




No. 60 Tuscan 

1 

[ Reichard- 

1 

llron Oxide 7.3%; Dye 12.4% 

3.93 

32.74 

.03054 

Red 

j Coulston, Inc. 

1 Barium Sulfate 80.3% 

1 1 

_l 

1 

1 

1 

No. 776 Tuscan iReichard- 

1 

IBarium Sulfate 63.0-66.0% 

3.51 

1 

29.24 

.03420 

Red 

I Coulston, Inc.lLead Oxide 1.76%: Dve 9.95% 






Lime Carb. 26.0-28.0% 






BULKING VALUES AND YIELDS OF PIGMENTS AND LIQUIDS 
TABLE 104 


RED AND BROWN OXIDES 


Commerctal Namo 
of PUnnent 

Furniahad by 

Information Voluntarily Submittuil 

Spncifie 

Gravity 

W.lKht 

CT'lf 

One pound 
Uulka 
Qallona 

G 4007 

Red Oxide 

1 

E. M. & F. 
Waldo 

1 

llron Oxide 26.12% 

[Balance Silica and Insoluble 

1 

3.02 

25.16 

.03974 

G 4835 

Red Oxide 

E. M. & F. 
Waldo 

1 

[Aluminum Silicate 66.85% 
[Iron Oxide 19.26% 

[Alumina 9.12%; Magnesia 
1 .17% 

[Loss on Ignition 4.6% 

2.85 

23.74 

.04212 

G 5435 

Red Oxide 

E. M. & F. 
Waldo 

Iron Oxide 65%; Other Me- 
1 tallic Oxides, 25% 

3.90 

32.49 

.03078 

G 5183 

Brown Oxide 

E. M. & F. 
Waldo 

Iron Oxide 54.72%; ‘Alumina 

1 6.15%; Manganese Oxide 

1 .25%; Calcium Oxide .34%; 

Magnesium Oxide .16%; 

1 Insoluble Silicates 31.10%. 
Loss on Ignition 4.67%; Mois- 
1 ture 2.61% 

3.42 

28.49 

.03510 

G 5895 

Brown Oxide 

j 

1 

1 

E, M. & F. 

1 Waldo 

[Iron Oxide 48.00%; Silica 
[ 28.43%; Alumina 10.80%; 

1 Sulfur None; Manganese 

1 Oxide 1.86%; Calcium 

1 Oxide .96%; Loss on Igni- 
1 tion 8.92% 

3.27 

27.24 

.03671 

Mineral 1 

Brown 

1 

1 

1 

1 

# 1 

i 

Prince Mfg. 

Co. 

1 

1 “ 

ISesquioxide Iron 47.67% 

I Alumina 9.46%; Silica 

1 35.75%; Lime 2.44%; Mag- 
1 nesia 1.39%; Manganese 

1 Oxide 1.39%; Loss on Igni- 
1 tion 1.60%; Undetermined 
1 .29% 

3.34 



27.82 

.03695 

1 

No. 44 Venetian 
Red 

1 

1 Prince Mfg. | 
Co. 

1 

Iron Oxide 20%; Calcium 

1 Sulfate 80% 

3.05 

25.41 

.03935 

No. 66 

Red Oxide 

Prince Mfg. 

Co. 

1 

[Iron Oxide 30%; Gypsum 

1 60%; Lime Carbonate 

1 5-10% 

, 3.32 

27.66 

.03615 

No. 88 

Red Oxide I 

Prince Mfg. 

Co. 

Iron Oxide 40% 

Gypsum 60% 

3.47 

|28.91 

{.03459 

Princes 

Metallic 

(P. M. P. Co.) 
Devoe 
Reynolds 

1 

^ 3.39 

28.24 

.03541 
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PAPERS ON PAINT AND VARNISH 
TABLE 104 (Continued) 


RED AND BROWN OXIDES (Continued) 


Commercial Name 
of Plsment 

Kurni»h«*«l by 

1 Infonnutioii Volunturily Submitted j 

Specifle 

(iravity 

Welsh t 
per solid 
(jrallui 

One pound 
Bulks 
Gallons 

No. 58 

Reichard- 

iFerric Oxide 93.6% 

4.93 

41.07 

.02435 

Red Oxide 

Coulston, Inc. 

jFree Acid .15% 




No. 686 

Red Oxide 

Reichard- 
Coulston, Inc. 

1 

(Ferric Oxide 81.4%; Loss on 
1 Ignition 3.8% ; Calcium 
1 Oxide 1.4%; Alumina 9.2%; 

( Silica 3.8% 

4.50 

37.49 

.02667 

E 6 Oxide 

(G. S. Mep- 
ham) 

1 

1 

1 

4.421 

36.821 

.02716 

33% Oxide 

(G. S. Mep- 1 
ham) 

1 

1 1 

* 3,33j 

27.74I 

.03605 

G2806 

Spanish Oxide 

(E. M. & F. 1 
Waldo) 

1 

|88-90% Fe,0. 

1 6% S.O. 

jBalance CaCO. and Clay 

4.54 

37.82 

.0^644 

Red Oxide 

Frazer Paint 
Co. 

1 

(Amorphous Clay From De- 
1 composed Mica Base 14.6% 

( Fe208 

2.71 

1 

22.57 

.04431 

Yellow Ferric I 
Oxide 

1 

(Chicago 

Color Works) 


3.88 

32.32 

.03094 

12 L 

Venetian Red 

(C. K, W. Co.) 
Devoe 

Reynolds 

Iron Oxide 20.0% 

1 Calcium Sulphate 75.0% ^ 

1 Calcium Carbonate 5.0% 

3.03 

25.24 

.03962 

- 1212 

Venetian Red 

(C. K. W. Co.) 
Devoe 

Reynolds 

Iron Oxide 40.0% 

Cdlcium Sulphate 60.0 
(Fully dehydrated) 

r~ 

3.21 

1 

26.74 

.03740 

1196 B 
Venetian Red 

(C. K. W, Co.) 
D^voe 

Reynolds 

Iron Oxide 98.0% 

. 5.13 

42.73 

.02340 




BULKING VALUES AND YIELDS OP PIGMENTS AND LIQUIDS 


TABLE 105 


INDIAN RED 


Name 
of Plsment 


Information Voluntarily Submitted 


Weight 

peraolid 

Gallon 


1 

No. 20 Indian 
Red 

1 ' " 1 

Reichard- 
Coulston, Inc. 

1 

Ferric Oxide 92.1% 

[Free Acid None. Lime .3% 
Magnesia .04%; Silica 2.0% 

1 

4.93 

41.07 

.02435 

No. 25 Indian 
Red 

1 

, 1 

Reichard- [Ferric Oxide 80.00% 

1 Coulston, Inc.lFree Acid None. 

1 1 

4.59 

38.23 

.02616 

No. 43 Indian ’ 
Red 

Reichard- 
Coulston, Inc. 

I 

Ferric Oxide 70.00% 

Free Acid None. 

4.44 

36.99 

.02703 

Indian Red L 

(G. S. Mep- 
ham) 

1 

1 

i 

5.15 

42.90 

.02331 

Indian Red M 

(G. S. Mep- 
hain ) 

1 

! 

! 

i 

5.14 

42.82 

.02335 

Indian Red D 

(G. S. Mep- 
ham) 

1 

1 

! 

6.07 

42.23 

.02368 

No759 

Indian Red 

(L. N. Co.) 
Devoe 
Reynolds 

1 

1 

1 5.02 

41.82 

.02391 

No. 65 

Indian Red 

(L. N. Co.) 
Devoe 
Reynolds 

1 ‘ 

1 

sili 

42 57 

.02349 
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PAPERS ON PAINT AND VARNISH 
TABLE 106 


OCHRES 


Commerelal Niinu) 
of Plsment 

FurniHhod by 

Information Voluntarily Hubmittoil 

Specific 

(iravity 

WoIirhl^Siifep'Jiifid 
per solid Hulks 
Gallon Gallons 

No. 9 Golden 
Ochre 

I I 

iRei chard- | Calcium Sulfate 56.7%; Lead 

I Coulston, Inc.l Chromate 7.58%; Silica 

f I 15.1%; Alumina 1.3%; Fer- 

1 ric Oxide 2.5%; Loss on 

I 1 Ignition 17.6% 

1 

2.76 

22.99 

.04350 

FAR No. 1 
French Ochre 

Reichard- 
Coulston, Inc. 

1 

Silica 48.1%; Alumina 19.1% 

1 Ferric Oxide 22.3%o; Loss 
f on Ignition 9.8%>; Calcium 
1 Oxide .4% 

1 

2.89 

24.07 

.0415.5 

R. C. No. 47 
French Ochre 

i 

Reichard- iSilica 48.6%; Alumina 18.8%; 

Coulsto;:!, lnc.l Ferric Oxide 21.2%; Cal- 
1 cium Oxide .4%; Loss on 
} Ignition 10.8% 

2.88 

23.99 

.04168 

Golden 

Yellow Ochre 

Tamms Silica 
Co. 

ISilica 65.48% ; Alumina 
1 19.54%> ; Iron Oxide 14.98% ; 
j Magnesia and Lime Trace. 

2.77 

23.07 

.04335 

Natural 

Grey Ochre 

Tamms Silica 
Co. 

1 

Silica 69%; Alumina 24% 
Ferric Oxide 7% 

2.75 

22.91 

.04365 

G 5927 ! 

Yellow Ochre 

1 

S. M. & F. 
Waldo 

Iron Oxide - -..18.23 

Silica 64.67 

Alumina 1651 

Lime - 52 

Magnesia .36 

Moisture @ 100'^ C.' 1.68 

Loss on Ignition. 8.22 

2.83 

23.57 

.04243 

California 

Ochre 

West Coast 
Kalsomine Co. 

Yellow Ferric Oxide. 

3.66 

'450 ' 

30.49 

( 

.03280 

Ferrite I 

Yellow Lemon 

1 

(N. F. Co.) 

Devoe 
. Reynolds 



34.99 

.02858 

Perrite I 

Yellow Orange 

(N. F. Cp.) 
Devoe 
Reynolds 


3.80 

^.66 

.03t60 
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BULKING VALUES AND YIELDS OP PIGMENTS AND LIQUIDS 
TABLE 107 


UMBERS 


Ucmmercisl Maine 

— r- 

FumiKhnd by 1 

Information Voluntarily BubmitlLui 

Specif 


[>ne pound 

of Piirment 

1 



Gallon 

Oallona 

Turkey 

No. 14 Burnt 

Reichard- 

Ferric Oxide 55.61 Alum- 

3.68 

30.65 

.03263 


Coulston, Inc. 

ina 6.347c; Silica 15.407©; 




Umber 

Calcium Oxide 3.127© ; 
Manganese Dioxide 12.857©; 
Loss on Ignition 6.437© 






No. 15 Burnt 

Reichard- 

Ferric Oxide 66.547©; Alum- 

3.83 

31.90 

.03135 

Turkey 

Coulston, Inc. 

ina 4.027©; Silica 16.237©; 




Umber 


Calcium Oxide 3.787©; Man- 
ganese Dioxide 11.167©; 
Loss on Ignition 7.817© 




No. 17 Burnt 

Reichard- 

Ferric Oxide 40.067©; Alum 

3.52 

29.32 

.03411 

Turkey 

Coulston, Inc. 

ina 7.117©; Silica 19 207©; 




Umber 


Calcium Oxide 3.147©; Man- 
ganese Dioxide 13.897©; 






Loss on Ignition 16.147© 




G. Raw Umber 

(J. Lee Smith 


2.60 

21.66 

.04617 


and Co.) 





G. D. Raw 

1 “1 

(J. Lee Smith 


2.70 

22.49 

.04446 

Umber 

and Co.) 





M Burnt 

1 

(J. Lee Smith 


3.77 

31.40 

.03185 

Umber 

and Co.) ! 

1 





M. Raw 

(J. L. S. Co.) 


3.49 

29.07 

.03440 

Turkey 

Devoe ’ 





^nber 

Reynolds 



1 
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PAPERS ON PAINT AND VARNISH 


TABLE 108 
SIENNAS 


Cmninarela] Name 
of Picmont 

Furnished by 

Information Voluntarily Submitted 

Specific 

Gravity 

MS 

Gallon 

“TTJi' TiT 

One pound 
Bulks 
Gallons 

G. Raw Sienna 

1 

1 (J. Lee Smith 

1 and Co.) 


3.27 

27.24 

.03671 

0. H. S. Burnt 
Sienna 

1 

1 (J. Lee Smith 
i and Co.) 


3.96 

32.99 

.03031 

Frazer Sienna 

1 Frazer Paint 

1 Co. 

T 

Raw Sienna 77.7% FesO. 

1 

3.87 

32.24 

.03102 



BULKING VALUES AND YIELDS OF PIGMENTS AND LIQUIDS 


TABLE 109 

YELLOWS 


(ImninnrelAl Name 
of Pigment 

KurniHhed by 

Information Voluntarily Submitted ^ 

Ipectfic ] 
iravity * 

Velght C 

>erBobd 

Gallon 

)ne pound 
bulks 
Gallona 

1 

C. P. Yellow 
Lierht 

(F. L. Lavan- 
burg) 


6.00 

49.98 

.02001 

C. P. Yellow 
Med. 

1 

(F. L. Lavan- I 
burg) 1 


6.90 

49.16 

.02034 

C. P. Yellow 

Lt. Orange 

1 

(F. L. Lavan- 
1 burg) 


6.70 

66.81 

.01792 

1 

C. P. Yellow 
I)k. Orange 

(F. L. Lavan- 
burg) 


6.91 

67.66 

.01737 

C. P. Chrome 
Yellow Lt. 

1 1 

|G. Siegle | Precipitate with consider- 

Corp. 1 able Lead Sulfate to ob- 

6.08 

60.65 

.01974 

1 

1 

tain shade. | 





C. P. Chrome 
Yellow Med. 

l 1 

G. Siegle | Precipitated with small 

Corp. 1 amount of Lead Sulfate to 

1 obtain shade. 

6.13 

51.06 

.01968 

C. P. Yellow ' 
Light 

1 1 

|Sherwin-Wil- | 
1 liams Co. 

Acetate type Lemon Shade 

1 Chrome Yellow. 

6.01 

50.06 

.01998 

C. P. 

Yellow M. 

ISherwin-Wil- | 
1 liams Co. 

1 Acetate type Medium Shade 
! Chrome Yellow. 

6.05j60.40 

.01984 

C. P. 

Yellow 0. 

1 

jSherwin-Wil- 
1 liams Co. 

1 

1 Acetate type Orange Shade 

1 Chrome Yellow. 

1 

6.30|52.48 

.01905 

C. P. 

Yellow D. 0, 

iSherwin-Wil- 
[ liams Co. 

1 Acetate type Deep Orange 
( Shade Chrome Yellow. 

6.68j46.48 

.02161 

Primrose 

_Yellow 

ISherwin-Wil- 
1 liams Co. 

[Extra Light Shade Chrome 

I Yellow. 

6.03|60.23 

:0i9'9l 

Dutch Pink 

(F. L. Lavan- 
burg) 

1 

1 

2.48|20.66 

.04840 

C. P.# 

Chrome Yellow 
Lt. 4347 

Devoe 

Reynolds 

jAcetate Type Pure | 

1 

^ 6.79148.23 

.02073 

<4 P. 

Chrome Yellow 
Med. 4511C 

Devoe 

Reynolds 

jAcetate Type Pure |^6.58|46.48 

1 1 1 

.02161 

C. P. 

Chrome Yellow 
Dp. 2286 

Devoe 

Reynolds 

1 Acetate Type Pure f 6.67 1 64.73 

1 1 I 

.01827 

C. P. 

Chrome Yellow 
Orange 7470 

Devoe 

j Reynolds 

Acetate Type Pure | 

6.89167.89 

I 1 

.01742 
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PAPERS ON PAINT AND VARNISH 
TABLE 110 


BLUES 


Gaannereial Nunu 
of Plsinent 

KumiMhud by 

liifunnati»n Voluntarily SLbinittrd 

Specific 

Uravity 

Wel»ht 

peroolid 

Gallon 

One pound 
BuIkH 
Gallona 

Sp. Chinese 
Blue 

Sherwin- 
Williams Co. 

Ferric Ferro Cyanide Pure 

1.88 

15.66 

.06386 

Sp. Bronze 
Blue 

Sherwin- 
Williams Co. 

Ferric Ferro Cyanide Pure 
Pure Prussian Blue without 
inert paste. 

1.82 

16.16 

.06596 

Sp. Sol. Prus- 
sian Blue 

Sherwin- 
Williams Co. 

Ferric Ferro Cyanide Pure. 

1.87 

16.68 

.06418 

C. P. Milori 
Blue 

G. Siegle^Corp. 

Made only from Prussiatc of 
Soda and Iron Salts. 

No Inert Base. 

1.84 

15.33 

.06623 

Chinese Blue 

(F. L. Lavan- 
burg) 


1.80 

14.99 

.06671 

C. U. 

Ultramarine 

Blue 

(Ultramarine 

Company) 

1 1 

1 

! 

1 2.33 

19.41 

06152 

S. 4 

Ultramarine 

Blue 

■ ‘ “ ■"! 

(Ultramarine I 
Company) 

1 

I 

I 2.89 

24.07 

.04165 

H. M. 

Ultramarine 

Blue 

(Ultramarine 

Company) 


2.36 

19.66 

.05086 

L. L. 

Ultramarine 

Blue 

(Standard 

Ultramarine 

Co.) 

c 


2.32 

19.33 

.05173 

L. L. 

- . Ultramarine 
Blue 

1 

Heath and | 

Milligan j 

Made by Standard 

Ultra Marine Co. 

2.35 

19.68 

.06107. 
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BULKIKG VALUES AND YIELDS OP PIGMENTS AND LIQUIDS 
TABLE 111 


GREENS 


CommpTciftl Namn 
of Fbnnent 

— 

Fumljiht'd by 

Infiirmatlun Voluntarily Submitted 

Speciflo 

Gravity 


One pound 

Peerless 

j(F. L. Lavan- 

1 

3.92 

32.65 

.03062 

Green L 

1 burg) 





Peerless 

i(F. L. Lavan- 


3.88 

32.32 

.03094 

Green M 

[ burg) 



. 


Peerless 

1 (F. L. Lavan- 


3.87 

32.24 

.03102 

Green D 

burg) 





C. P. Chrome 

IG. Siegle Corp. 


5.08 

42.32 

.02363 

Green L* 






C. P. Chrome 

1 

IG. Siegle Corp. 


3.57 

29.74 

.03362 

Green D* 






C. P. Grinders 

IG. Siegle Corp.' 

( 

1 

4.56 

37.98 

.02633 

Green 2900 LI 
•1 

1 

1 




C. P. Grinders 

f 

IG. Siegle Corp. 

1 

1 

4.29 

35.74 

1 

.02798 

Green 2900 M 

4c 

1 

1 

1 

1 



1 

C. P. Grinders 

1 

IG. Siegle Corp. 

1 

4.19 

34 90 

.02865 

Green 2900 D 

* 

1 





French Crown 

Sherwin- 

Inert Base Barium Sulfate 

4.05 

j33.74 

.02964 

Green D 

Williams Co. 

Chrome Green 25% Pure, 

1 



1 

Chromium 

(G. Siegle 





Oxide 

Corp.) 


4.97 

41.40 

.02416 

Paris Green 

Devoe 

! 1 

3.22126.821.03729 

. 

Reynolds 

► 1 





•All C. P. Greens contain different amounts of Chrome Yellow and Blue to produce 
desired shade. Lighter shades contain about 10% of Blue and 20 % of Yellow 
Darker shades contain about half and half of each color. 
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TABLE 111 (Continued) 


GREENS (Continued) 






Commeroial Nwna 

of Plsment 1 

Kurnlahud by 

i 

Information Voluntarily Suhmittocl 

1 

Specific 

(invity 

Welsh t 
peraolid 
Gallon 


Yellow Tone 

C. P. Green 
Shade L. 

1 . 

Sherwin- ] Light Shade Acetate Green. 

Williams Gp.l 

1 

■| 

6.38 

44.82 , 

.02231 

Yellow Tone 

C. P. Green 
Shade' M. 

1 1 

Sherwin- |Med. Shade Acetate Green. I 

Williams Co.l 1 

1 1 

' 1 1 

4.18 

34.82 

.02872 

Yellow Tone 

C. P. Green 
Shade Dk. 

1 

Sherwin- I 

Williams Co.l 

__J 

Dark Shade Acetate Green. 

1 

3.71 

30.90 

.03236 

Blue Tone 

C. P. Green 
Shade M. 

1 

Sherwin- |Med. Shade C. P. Greens. 

Williams Co.| 

1 

4.69 

39.07 

.02560 

Blue Tone 

C. P. Green 
Shade Dk. 

1 

Sherwin- t 

1 Williams Co.l 
1 

1 

Dark Shade C. P. Greens. 

4.00 

33.32 

.03001 

Green Earth j 

Tamms Silica 
Co. 

Silica 69%; Alumina 24% 
Iron Oxide 7% 

2.76’ 

22.99 

.04350 

Green Earth 

1 

1 

Heath and 
Milligan 

Imported from Germany. 

Not used now. 

2.74 

22.82 

.04382 

Limeproof 
Green G 

1 

Heath and I 

Milligan | 

1 

10% Malachite Green and 
Auramine Precipitated on 
90% Aluminum Silicate • 

2.76 

22.91 

04365 

Limeproof 
Green B 

1 

Heath and | 

1 Milligan 

10% Emerald Green Precipi- 
tated on 90% Aluminum 
Silicate 

. .2.86 

1 23.74 

04212 

C. P. Chrome 
Green Lt. 
2803 A 

Devoe 

Reynolds ! 

Acetate Type Pure | 

r 

6.07 

1 

42.23 

.02368 

C. P. Chrome 
Green Med. 
2803 B 

Devoe 

Reynolds 

Acetate Type Pure 

l' 4.861^8 

1 1 

.02470 

C. P. Chrome 
Green Dp. 
2303 C. 

1 ' 

[Devoe 
r • Reynolds 

Acetate -Type Pure 

1 |. 

1 4.68138.16 
1 1 

.02621 

1 

Si^on 

Green 6320 

1 Devoe 

1 Reynolds 

Nitrate Type Pure 

l' 4.63138.57 
1 1 

1.02693 

I ■ 
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BULKING VALUES AND YIELDS OF PIGMENTS AND LIQUIDS 
TABLE 112 


BLACKS 


Commercial Kgme 
of Piffment 

EumlBhcil by | 

Ir.furnrniiun Voluntarily Submitted ^ 

ipecifle J 
Gravity * 

>erBoHdl 

Gallon 

hM pound 
Bulkn 
Galtona 

Special 

Grinders 

No. 8 

Wilckes-Martin 
Wilckes Co. 

Highest and Strongest Grade. 
Carbon, 96.81%; gaseous, 
.38%; Oil, 1.56%; Moisture, 

1.78 

14.83 

.06743 

Lampblack 


.97%; Ash, .21%. 




Blue Tone 

No. 12 
Lampblack 

1 

Wilckes-Martin 
Wilckes Co. 

Medium Grade 

Carbon, 97.21%; Gaseous, 
.32%; Oil, 1.43%; Mois- 
ture, .81%; Ash, .14%. 

1.78 

14.83 

.06743 

( 

Bear Velvet 1 
No. 10 1 

Lampblack I 

Wilckes-Martin 
i Wilckes Co. 

Regular Run. 

Carbon 97.48%; Gaseous, 
.35%; Oil, 1.28%, Mois- | 

l.TSj 

|14.83 

.06743 

1 


ture .67%; Ash, .09%. | 

J 


— 

1 

Trimount 1 

Germantown I 
Lampblack j 

Samuel Cabot 

i 

1 1 

Carbon 97.9% 

Oil 1-5 

Moisture .5 

Ash .1 

I. 77 I 

14.74 

.06784 

' j 

1 

100.0% 




Old Abe 1 

Bihn & Wolff 


1.77 

14.74 

.06784 

Lampblack | 

“ "I 



. 

- 



! 

No. 1 Grinders i 

Bihn & Wolff 


1.75 

14.58 

.06859 

Lampblack 

____ 



- 


— 

1 

Charlton 

Velvet 

Bihn & Wolff 


1.78 

14.831 

.06743 

Lampblack 





. __ 

Carbon Black 

Binney and 

jcarbon 98.6%; Moisture 

1.80 

14.99 

.06671 

# 

Smith 

1 1.3%; Iron Trace. 




i^alista Carbon 
Black 

Godfrey L. 
Cabot 

IHigh grade Roller Process 
1 Black chiefly used for half 
1 tone printing Inks. Pure 
1 Black with possibly only 
1 80% carbon. 

1.87 

16.68 

.06418 

Auk Carbon 
Black 

r 

1 Godfrey L. 

1 Cabot 

[Medium grade black of good 
1 color. 

i 1.81 

. 15.08 

1 .06631 
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PAPERS ON PAINT AND VARNISH 
TABLE 112 (Continued) 


BLACKS (Continued) 


ComoMKial Nwna 
of Figment 

Pumished by 

Information Voluntarily Submitted 

Specific 

Gravity 

W.tolit 

■Sid 

One pound 
Bulks 
(lallons 

Sunset Elf 
Carbon Black 

1 

1 Godfrey L. 

1 Cabot 

1 

Extra Fluid Black chiefly use- 
ful for news inks not as 
good color as Auk but more 
fluid in ink than any Black 
[ other than Roller Process 
Black. 

■ 1.74 

: 14.49 

1 .06901 

No. 1 

Lampblack 

L. Martin Co. 

Ash 4-6% 

1.51 

12.68 

.07949 

No. 2 

Lampblack 

L. Martin Co. 

Ash Trace. Generally less 
than % or % or 1% ash. 

1.79 

14.91 

.06707 

No. 3 

Lampblack 

L. Martin fco. 

Ash Trace. Generally less 
than V 2 or ^/4 or 1% ash. 

1.80 

14.99 

.06671 

No, 4 

Lampblack 

L. Martin Co. 

1 

Ash, Trace. Generally less 
than Vz or ^ or 1% ash. 

1.76 

34.66 

.06821 

No. 5 

Lampblack 

jL. Martin Co. I 

Ash, Trace. Generally less 
than % or ^ or 1% ash. 

1.78 

I 

14.83 

.06743 

1 

No. 6 

Lampblack 

r 

L, Martin Co. 

Ash Trace. Generally less 
than % or % or 1% ash. 
Slight Oil Content. 

1.83 

15,24 

1 

.06562 

[mperial A 
Drop Black 

(Wm. Browne) 


2.64 

21.99 

1 

.04648 

No. 1 Air Float 
Graphite 

(Cummins- 
Mbore Co.) 


^ ^.28 

I18.99 

1 

.05266 

Graphite Dust 

Superior 

Flake Graph- 
ite Co. I 


2.44 

20.33 

.04919 

^ormastat 

Po^'nt Milling 
& Mfg. Co. 

Micaceous Iron Oxide 94.01% 
Granite (Gangue) 5.94 

Iron Pyrites .06 

4.90 

40.82 

.6^) 

Slack Oxi^e 
Iron 

Laboratory 

Sample 

P^ue Precipitated Black 
Magnetic Oxide Marked 
Magnetic* Pigment Co. 
Baltimore, Md. 

4.81 

4676f 

.02496 
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BULKING VALUES AND YIELDS OF PIGMENTS AND LIQUIDS 
TABLE 112 


BLACKS 


Commercial Kgme 
of Piffment 

EumlBhcil by | 

Ir.furnrniiun Voluntarily Submitted ^ 

ipecifle J 
Gravity * 

>erBoHdl 

Gallon 

hM pound 
Bulkn 
Galtona 

Special 

Grinders 

No. 8 

Wilckes-Martin 
Wilckes Co. 

Highest and Strongest Grade. 
Carbon, 96.81%; gaseous, 
.38%; Oil, 1.56%; Moisture, 

1.78 

14.83 

.06743 

Lampblack 


.97%; Ash, .21%. 




Blue Tone 

No. 12 
Lampblack 

1 

Wilckes-Martin 
Wilckes Co. 

Medium Grade 

Carbon, 97.21%; Gaseous, 
.32%; Oil, 1.43%; Mois- 
ture, .81%; Ash, .14%. 

1.78 

14.83 

.06743 

( 

Bear Velvet 1 
No. 10 1 

Lampblack I 

Wilckes-Martin 
i Wilckes Co. 

Regular Run. 

Carbon 97.48%; Gaseous, 
.35%; Oil, 1.28%, Mois- | 

l.TSj 

|14.83 

.06743 

1 


ture .67%; Ash, .09%. | 

J 


— 

1 

Trimount 1 

Germantown I 
Lampblack j 

Samuel Cabot 

i 

1 1 

Carbon 97.9% 

Oil 1-5 

Moisture .5 

Ash .1 

I. 77 I 

14.74 

.06784 

' j 

1 

100.0% 




Old Abe 1 

Bihn & Wolff 


1.77 

14.74 

.06784 

Lampblack | 

“ "I 



. 

- 



! 

No. 1 Grinders i 

Bihn & Wolff 


1.75 

14.58 

.06859 

Lampblack 

____ 



- 


— 

1 

Charlton 

Velvet 

Bihn & Wolff 


1.78 

14.831 

.06743 

Lampblack 





. __ 

Carbon Black 

Binney and 

jcarbon 98.6%; Moisture 

1.80 

14.99 

.06671 

# 

Smith 

1 1.3%; Iron Trace. 




i^alista Carbon 
Black 

Godfrey L. 
Cabot 

IHigh grade Roller Process 
1 Black chiefly used for half 
1 tone printing Inks. Pure 
1 Black with possibly only 
1 80% carbon. 

1.87 

16.68 

.06418 

Auk Carbon 
Black 

r 

1 Godfrey L. 

1 Cabot 

[Medium grade black of good 
1 color. 

i 1.81 

. 15.08 

1 .06631 


293 



CHAPTER XVII 


Oil Absorption of Pigments 

(An Important Physical Test) 



FIG. 32 


Apparatus Required for DetermUilirg Oil Absorption of Pigments. 
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OIL ABSORPTION OF PIGMENTS 


In mixing a pigment and a liquid a point is reached 
where independent of such mechanical forces as could be 
developed by actual grinding, the surface of each pigment 
particle is thoroughly wet by the liquid and the pigment 
mass becomes thoroughly saturated. This point repre- 
sents the oil absorption property of the pigment, and is 
expressed by a factor termed the oil absorption factor. 
This factor is therefore a measure of the quantity of a 
given oil or liquid, required to thoroughly wet all the ab- 
solute particle surface of the pigment mass. The factor 
is ascertained by determining the number of cubic centi- 
meters of liquid required to saturate 20 grams of pig- 
ment. It is then expressed as the amount required for 
100 grams of pigment. 

The oil absorption of a pigment is particularly import- 
ant to the manufacturer who wishes 15> maintain a pro- 
duct of uniform quality and to the user who desires such 
a product. For instance a user of Lithopone might re- 
quire for a certain paint, a pigment of a certain well de- 
fined oil absorption, in order that his product would re- 
main uniform. If a shipment of markedly higher or 
lower oil absorption should be sent to him, he could dis- 
cover this fact by the oil absorption test, previous to 
storing or using the pigment. 

In designing a paint the oil absorption factor is espec- 
ially valuable for determining the amount of oil required 
to grind each pigment to paste form or the quantity of 
each pigment required to produce a certain desired con- 
sistency. In improving the properties of an existing 
jj^int, a consideration of the oil absorption factor is also 
important. Thus if it is desired to increase the consis- 
tency of a paint without increasing the percentage of pig- 
ment, high oil absorbing pigments may be used. The op- 
posite may be accomplished by the use of low^oil absorb- 
ing 'pigments. In using high oil absorbing opaque pig- 
ments, inert pigments of low oil absorption may be added 
in order to lessen the amount of oil required to suspend 


297 



PAPERS ON PAINT AND VARNISH 


the other pigments. When it is desired to secure maxi- 
mum opacity, regardless of other qualities, a low oil ab- 
sorption opaque pigment may be used. If a glossy, 
enamel-like finish is desired, a pigment of high oil absorp- 
tion is indicated. 

The amount of oil required for pigment saturation or 
wetting is directly proportional to the specific surface * of 
the pigment mass, existing at the point of saturation. 
As the specific surface of the mass is relative to its de- 
gree of particle sub-division or fineness, it also measures 
to a great extent the fineness of the pigment. The oil 
absorption factor being relative to the surface conditions 
of the pigment is independent of its chemical composition 
or Specific Gravity. The practical advantages of know- 
ing the oil absorption factor lies in the information it 
gives concerning tihe following physical conditions of the 
pigment. 

(a) Relative amount of surface in the pigment mass. 

(b) State of sub-division of the pigment particles. 

(c) Comparative specific surface of various pigments. 

(d) Variation in fineness or particle sub-division^ of 
various lots of the same pigment. 

•It is believed that the oil absorption of a pigment may be reduced 
by compacting. The small particles would then form aggregates and the 
specific surface would be reduced, thus reducing the oil absorption. 
Similarly, by effecting electrical changes in the particles to cause a 
coalescence or by effecting a change in the surface tension of the particles, 
a reduction in oil absorption might be accomplished. 



OIL ABSORPTION OF PIGMENTS 


TABLE 114 

Oil Absorption Factors of Some Pigments 


Pigment 

Low-Oil Ab- 
sorption Type 

High-Oil Ab- 
sorption Type 

Average 

Type 

Basic Carbonate 
White Lead 

15 

22.5 


Basic Sulfate 
White Lead .. 

26 

32 

30 

Zinc Oxide 

47.6 

54.1 

52 

35% Leaded Zinc 

31.3 

36.5 

32 

Lithopone 

22.76*“ 

38.5 

33 

Asbestine 

32 

50 

50 

Barytes 

13 

15 

13.5 

Blanc Fixe 

23 

36 

30 

China Clay ... . 

41.5 

53 

61 

Gypsum 

26 


33.5 

Silica (Crystal- 
line) 

20 

28 

23 

Silica (Amor- 
phous) 

30 

38 

32 

Talc 

40 

65 

60 

Whiting 

28 

35 

32 


The property of absorbing* a given quantity of oil is 
relative to the specific surface of the pigment mass. 
Thus the difference in oil absorption and body imparting 
property shown by various pigments is due to the differ- 
'•ence in specific surface or particle sub-division. From 
this it follows that the variation or difference in pigments 
in this respect exists up to the saturation point only, 
^eyond this point they all become uniform in the amount 
of oil required to bring the mixtures to a certain consis- 
tency. This fact is important in the comparative testing 

•DtSTINCTION BETWEEN ABSORPTION AND ADSORPTION. 

It may be appropriate to attempt a distinction between Absorption and 
Adsorption to show the application of each to paint chemistry. There is 
first given the definition of each, followed by a discussion and summary. 

“Absorption. To swallow up; to engulf; to imbibe; to cause to dis- 
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of pigments in liquid paints. The following is illus- 
trative of its application. 

If a series of pigments are ground into pastes on the 
basis of the individual oil absorptions of each, and the 
same amount of thinning mixture is then added to the 
same weight of each dry pigment in its paste form, (pig- 
ment plus oil required to saturate) the resulting mixed 
paints, barring thickening due to any chemical action, 
will be of practically the same consistency. 

Considerable information is also obtained by studying 
the condition of the pastes at the oil absorption point. A 


appear as If by swallowing up. To take up by cohesion, chemical or any 
molecular action.” (Webster.) 

“Adsorption. To suck in (compare with ab.sorption). A common 
phenomenon consisting In the adhesion of the molecules of gases or 
dissolved substances to thp> surfaces of solid bodies resulting in a rela- 
tively high concentration of the gas or solution at the place of contact.” 
(Webster.) 

Discussion. Absorption. It will be seen from the definition above that 
the term “Absorption" In its broadest sense Includes any imbibing oi 
taking up action. Tt does not, however, imply any particular form or 
method of this Imbibing action, or a necessary change In the chemical 
composition or the physical structure of the absorbent or absorbed ma- 
terial. It may be purely mechanical — such as the soaking up of water 
by a sponge; ink by a blotter: water by sand and similar instances. It. 
may also effect a physical change of the absorbent such a-s the taking up 
of water by salt, sugar, or calcium chloride, in which case the absorbent 
Is dissolved by the absorbed material. It may l)e molecular absorption, 
such as takes place in the chemical union of two substances, or it may 
be a type which is accompanied by a peculiar and definite physical 
change. Adsorption is an example of this latter type. 

Adsorption. This condition while essentially a type or manner of ab- 
sorption Implies certain definite and peculiar physical conditions which 
are characteristic of It. As indicated by the definition above, this 
characteristic is the concentration of portions of the “absorbed” material 
at certain points in the “absorbent.” In its most general sense, adsorp- 
tion implies the unequal distribution of a substance at the bou^ary be- 
tween two heterogeneous phases. As this reaction is definite and always 
occurs to the same degree and at the same rate with certain given con- 
ditions, it must be considered as an absolute term, and only applied 
when the condition above described exists. ' ^ “ 

Summary. From the above it is evident that the term ADSORPTION 
should only be applied when there are Indications that the condition 
stated exists, and when the concentration and unequal distribution of 
substances as described is implied. In applying the term adsorption to 
the reaction the extent to which It exists In the mass must of course be 
sulllcient to be of importance. 

As absorption indicates the condition of taking up or imbibing without 
implying in any way the manner in which this is accomplished or the 
nature of the result of this imbibition, this term should be applied in all 
instances when it is desired to describe an absorbing condition without 
giving consideration to the type of absorption occurring. 

From the above it is apparent that in describing the taking up of the 
oil by the pignserit mass, the term “Absorption” Is the proper one to upe. 
While no doubt adsorption does Occur in some instances, particularly 
with colloidal oils and varnishes, there is no evidence to show that it 
does in all oases. 
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very considerable difference will be noted in the charac- 
teristics of the pastes produced by various pigments. 
Some pastes will be short and tough. Others will be long, 
stringy and soft. Some will have a high gloss. Others 
will present a dull appearance. Some of the pastes will 
be dense, requiring heavy pressure to flatten them out. 
Others will be soft and easily spread. The amount of oil 
absorbed does not entirely control these factors. In other 
words, two pigments of practically the same oil absorption 
may yield entirely different types of pastes. For example, 
one may be dense and the other soft. These physical 
characteristics all indicate certain pigment qualities. 

The oil absorption point varies with different pig- 
ments and is influenced by certain conditions. A pig- 
ment in its dry state consists of indwidual particles and 
agglomerates of particles. The particle surface and the 
mass particle surface combine to make the absolute sur- 
face existing in a given volume of the pigment. As the 
amount of oil required to saturate a certain amount of 
pigment is the amount required to wet the absolute par- 
ticle surface, any influence which tends to change the 
surface content (by changing the specific surface) varies 
the oil absorption point. Two common influences ac- 
complishing such change are found in the dispersion ef- 
fect of certain vehicles, and the effect of mixing and 
grinding pressure. While these influences are always 
present to some degree in all paint making procedure, the 
basis of the oil absorption factor should be the condition 
^f the pigment in its dry form with the elimination of 
these influences to as great an extent as may be possible. 
The oil absorption factor of all pigments is changed to 
the same relative degree by the introduction of these in- 
fluences to an equal extent. 

Certain oils and liquids, due to surface tension pheno- 
mena or to such colloidal conditions as effect adsorption 
or the development of great surface, tend to cause either 
a coalesence of the pigment particles into particle agglo- 
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merates or by their dispersion effect, to break down the 
existing agglomerates and disperse the particles into an 
extremely fine state of sub-division. Either of these con- 
ditions change the specific surface of the mass and ac- 
cordingly change the oil absorption point. This variation 
in oil absorption with different oils is illustrated by the 
following table, which gives the oil absorption factor of 
several pigments in Linseed Oil, in Soya Bean Oil, and in 
a liquid having a relatively high colloidal viscosity but 
with an apparent viscosity approximately the same as 
the other two. 


TABLE 115 


Pigfment 

Raw Linseed Oil | 

Soya Bean Oil | 

Colloidal Condition Oil 

Oil ab- 
sorption 
factor 

Charkcter 
of paste 

Oilab- 1 
sorption! 
factor 

Character | 
of paste I 

Oil ab- 
sorption 
factor 

Character 
of paste 

Zinc Oxide 

54. 

Smooth 

Glossy 

Quite 

long. 

53. 


Same as 
with 
Linseed 
Oil. 

1 ' 

56.5 

Glossy 

Smeary 

Quite 

rubbery. 

Leaded Zinc 
Oxide (35% 

36.8 

1 

1 

Soft 

35,5 

i 

Same as 
with 
Linseed 
Oil. 

39. 

Quite glossy. 

Smeary. 

Rubbery. 

subtly 

granular. 

Lithopone 
(High Oil 
Absorption) 

37.5 

Short. 

Chalky. 

Smooth. 

37. 

1 

Same as 
with 
Linseed 
Oil. 

. .38. 

1 

Fairly glossy. 
Long but not 
tough. 

Slightly gran- 
ular in 








appearance. 

Lithopone 
(Low Oil 
Absorption) 

25,5 

Soft and 
Long. 

Fair gloss. 
Contains 
large 
lumps. 

28.5 


Same as 
with 
Linseed 
Oil. 

26. 

Very soft. 
Runny and 
smeary. 

Good gloss. 
Lumpy. 
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Selection of Test Liquid , — In view of the results shown 
in the above chart it is important that the oil used for 
determining the oil absorption factor be one that will 
have the minimum effect in causing either a dispersion 
or coalesence of the pigment particles. In such a vehicle 
the pigment tends to form a mechanical suspension or 
mixture only. Thus the degree of pai*ticle sub-division 
or agglomeration existing in the dry pigment is retained 
to the greatest extent. Of the common and available 
oils, Raw Linseed Oil is the best suited for the purpose. 
With most pigments it has but little dispersing or coalesc- 
ing effect. It is therefore used as the standard vehicle 
for determining the oil absorbing property of a pigment. 
If,, however, it is desired to determine the oil absorption 
factor with certain other liquids, the«results will be rela- 
tive to the dispersing effect of the liquid used. In follow- 
ing the standard procedure a well settled Raw Linseed 
Oil, clear and free from foots and having an acid value of 
from one to three should be used. An oil of this kind is 
readily obtainable and easily kept. A variation in the 
acid value of the oil affects the oil absorption point ; the 
amount of oil required increasing with an increase of the 
acid number. This difference is due either to a greater 
particle dispersion or to a thickening caused by the for- 
mation of soaps. It is important, therefore, that in mak- 
ing determinations where very accurate results or close 
checks are desired, that the oil used be always of the same 
acid value. 

Effect of Moisture on Test , — The moisture contained in 
the pigment, between certain limits, seems to play no ii«- 
portant part in the determination, since check results may 
be obtained on portions of the same sample of pigment 
whether air dried, oven dried or even slightly moist. 
Therefore, the ordinary air dried sample of commerce is 
in a satisfactory condition if it does not contain sufficient 
moisture to cause it to mat together or cake. 

The temperature of the relatively small amount of oil 
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used during the operation is not important, because the 
oil is immediately cooled by coming in contact with the 
much larger mass of pigment. This statement is made 
with the assumption that the oil is of the temperature 
prevailing in the ordinary laboratory. When, however, 
the pigment is quite warm, the oil absorption is slightly 
decreased. This is due to the fact that the viscosity of the 
oil is decreased by rise in temperature and consequently 
the thickness of the film with which it wets the particles 
would be decreased. However, the difference between 
70“ and 100“ Fahrenheit, which is the average range of a 
laboratory, is very slight so that the temperature need 
not be taken into consideration except during extremes in 
either way. 

Principles to he Observed in Test . — The principle of 
this test is that of effecting the wetting of all the ‘‘parti- 
cle surface” or “particle agglomerate surface” of the pig- 
ment mass without the application of mixing or grind- 
ing pressure. This is accomplished by certain oil addi- 
tion and stirring procedure as described herewith. In 
all stirring operations, care must be taken not to cause 
mixing of the pigment and oil by applying pressure, as 
this factor will tend to vary the results. All stirring 
and mixing should be done very carefully and lightly. A 
finger and wrist motion is all that should be used, allow- 
ing the forearm to rest quietly. 

When the oil first comes in contact with the pigment, a 
corresponding amount of particle surface is wetted. The 
particles thus wetted then coalesce or cling together and 
form agglomerates or lumps of paste consisting of oil and 
pigment. These small lumps of paste should be kept dis- 
tributed through the mass by stirring. As the absorp- 
tion of oil by the mass increases these lumps will mat to- 
gether, forming larger lumps or balls of paste. With 
further absorption of oil by the mass, these larger lumps 
or agglomerates of oil and pigment paste will coalesce 
and with most pigments will form one large ball. (With 
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a certain few pigments this large ball is not formed; the 
separate smaller lumps remaining separated.) After 
this point is reached a small amount of dry pigment may 
still be left around the bottom and lower parts of the 
container. This pigment is wet by bringing it in con- 
tact with the free oil existing on the surface of the large 
ball or lumps of paste. The end point of the determina- 
tion is reached when all of this dry pigment has been 
taken up and wet. This point is indicated by the fol- 
lowing condition. While any dry unsaturated pigment 
still remains, the paste will not smear on the glass. At 
the point, however, where all of the pigment particles are 
wet, the paste becomes soft and will smear on the sides 
and bottom of the container.* The balls of paste may 
then lose their rigidity and tend to ^flatten out or lose 
their spherical form. This point, which is very sharp, 
occurs within narrow limits and is the end point. 

APPARATUS REQUIRED. 

Burette : A standardized burette should preferably be 
used. If not standardized, the determinations should al- 
ways be made by starting with the same burette filled to 
the zero point. In this way possible differences due to 
variations in the burette graduation are largely elimi- 
nated. 

Container for Mixing Pigment and Oil , — For this pur- 
pose a smooth, round bottom jelly glass is very well suited. 
Those having dimensions of approximately 2^4 inches 
diameter at top, and 3i/^ inches deep are easily obtainable, 
^lat bottom glasses or those having fluted sides or bottom 
should not be used, as the pigment and paste tend to col- 
lect in the crevices, making accurate determinations dif- 
ficult. 

Spatula . — ^A blunt end, 4 inch, stiff blade spatula should 
be used. If the blade is too limber, excessive stirring is 
required and the results are liable to vary. 

•See Fig. 33. 

306 



PAPERS ON PAINT AND VARNISH 


METHOD OF PROCEDURE. 

Preparation of Sample , — The sample to be tested 
should first be placed in a suitable container (a small 
wide-mouth bottle is adaptable) and well shaken so as to 
assure the elimination of any packed particles or lumps. 
This is especially important if the pigment has been 
packed in barrels or otherwise kept in a manner that is 
liable to cause it to pack together. If excessively moist, 
the sample should then be air dried at room tempera- 
ture. 

Procedure , — Twenty grams of the pigment are placed 
in the glass. The oil is then run in from the burette, 
either drop by drop or with successive small additions. 
Either of these methods will give check results. If the 
drop method is used the rate of flow at the start should 
be about one drop per second. If the small addition 
method is used,, quantities of cc. should be added. As 
the absorption of the oil increases, the rate of flow or 
quantity of the additions is decreased. This is fully ex- 
plained later. The oil is run in so as to strike the dry 
pigment in the center. As the oil comes in contact with 
the pigment, the dry pigment that has not been wet 
should be lifted from the outer edge and placed over the 
oil so as to bring all the oil surface in contact with the 
pigment. This is best accomplished either by lifting it 
up on the spatula and dumping it off on the ""oil, or very 
lightly throwing it over the oil. 

When the pigment particles become wet with the oil 
they tend to coalesce and form small lumps of paste. 
These lumps should be kept distributed throughout the 
mass. This is done by Hghtiy stirring the mixture of 
these paste lumps and dry pigment in the manner of 
stirring described above, being careful not to use pressure 
in the niixing. If the drop method of oil addition is used 
fhis stirring should be carried on continuously with the 
operation of bringing the dry pigment in contact with 
the oil, surface. If the su^essive addition method is used 
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‘ this stirring should be done after each addition. As the 
absorption of oil progresses these lumps of paste, by tak- 
ing up more pigment and matting together, form larger 
lumps which w^hen stirred around form balls. When this 
point is reached the rate and quantity of the oil addition 
should be very much decreased and only a few drops, 
added at a time. In adding the oil at this point it should 
be allowed to strike on these lumps and not on the re- 
maining dry pigment. After each oil addition these 
lumps are lightly stirred around so as to bring the oily 
surface into contact with the remaining dry pigment. 

With further oil addition and stirring, these balk, will 
with most pigments join together and form one large 
lump, with but little dry pigment remaining. With cer- 
tain pigments, however, the lumps or bails of paste do not 
join together but remain separate and continue to collect 
more pigment. At this point, which is close to the end 
point, the oil is added very carefully, one or two drops at 
a time. With many pigments one drop is all that is nec- 
essary to establish the end point. At this stage, the oil 
should be allowed to strike on the surface of the lump or 
lumps. They should then be worked around so as to 
pick up more of the pigment. When all of the remain- 
ing dry pigment has been picked up and wet, the end 
point is reached. This is indicated as above explained 
^y the paste lump becoming much softer and easily 
ipread with the spatula. When stirred around it smears 
)n the sides and bottom of the glass. This end point is 
;;^ery sharp and occurs within narrow limits. With most 
pigments only one or two drops of oil is required to 
change the relatively hard dry lumps which do not smear 
the walls of the container into a fairly soft paste which 
will smear when stirred around. If, when the end point 
is reached, the paste lumps are broken down br spread 
with the spatula, it will be noted that the oil is uniformly 
distributed throughout the mass and no dry pigment re-^ 
mains. 
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Different pigments have certain individual character- 
istics in absorbing oil. These must be given considera- 
tion,, and it is sometimes necessary to slightly modify the 
procedure in order to conform with these peculiarities. 
For example, some pigments absorb the oil readily and in 
a uniform manner, while others take up the oil slowly. 
The paste lumps of some are smooth and free from hard 
agglomerates and are easily kept uniformly mixed. 
Others tend to form hard lumps. With such it is diffi- 
cult to keep the mass uniform. When the end point is 
reached with certain pigments, the paste lumps will be 
quite firm. Other pigments will be firm up to the end 
point and then suddenly become very soft; in some in- 
stances of semi-paste consistency. These differences are 
largely due to certain surface tension relations of the pig- 
ment and oil, a discussion of which is outside the scope 
of this paper. A little experience with the various pig- 
ments will enable the operator to effect such modifica- 
tions as will be necessary to conform with these condi- 
tions. 

Close checks can be obtained on the test made in ac- 
cordance with the procedure explained above. Exper- 
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Pigment Matt Jutt Before ' Pigment Matt at Point of Saturation. 
Point of Saturation. Matt Matt Lotet Itt Spherical Form and 

It Spherical and Doet Not Smeart Glatt. 

Mark Glatt. * ^ 
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ienced operators rarely vary more than 0.1 cc in check 
tests or in tests conducted by different operators on the 
same sample. For ordinary purposes a variation of 0.2 
cc is sufficiently close. A variation of more than this 
amount on check tests can only be considered as an error 
in the operation. In testing new pigments or where a 
close determination is desired, two or more check tests 
should be made. A little experience and a consideration 
of the following previously stated precautions is suffi- 
cient to insure accurate results.: 

(a) The pigment must not be moist. 

(b) It should be well shaken before making the test. 

(c) It should not be of a temperature lower than 70° 
or higher than 100° F. 

(d) The oil should be well settled and of a standard 
acid value. 

(e) The oil should not be added too fast, nor should it 
be added slower th^n is necessary. 

(/) The mixture should only be stirred enough to keep 
the mass uniform and bring the pigment in contact with 
the oil. 

(g) Excessive stirring tends to lower the result. 

(h) The stirring should be done lightly and care taken 
not to use pressure or endeavor to mix the pigment and 
oil by this means. 

(i) When nearing the end point, the oil should be 
added slowly and in small amounts (one or two drops at 
a time). 
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Fineness and Texture of Pigments 

(A New Method of Examination,) 

Finely divided pigments grind easily, with low power 
consumption, and produce smooth paints. Coarse pig- 
ments grind with difficulty. They require much power 
And often produce coarse paints. Some grinders have 



FIG. 34 

Photomicrograph of yellow pigment placed on talking machine record 

lieretofore purchased certain pigments on specifications 
which require a certain degree of fineness as determined 
with a 200 mesh silk bolting cloth or with 200 and 325 
■mesh metal screens, using water or kerosene as the car- 
rier for the pigments. Tests made in the above manner 
simply indicate that a certain percentage of the pigment 
is coarse.* While these tests are of value, they do not dis- 
close the true physical nature of a pigment. It is be- 
lieved, however, that the new method of examination de- 
scribed below as used by p. W. Dinwiddie of the Edison 
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Laboratories indicates many of the physical properties 
of a finely divided substance and can be of great value to 
the grinder in acquainting him with the characteristics 
of all pigments and of different batches of the same pig- 
ment. 

The writer has adapted this method to photomicro- 
graphic work, and presents herewith some views of a few 
pigments that are commonly used in the industry. 



FIG. 35 

Particles of a very coarse red pigment. 


^Method of Test : The test is made by rubbing with the 
finger a portion of the pigment across the grooves of an 
^ Edison disc .phonograph record and then observing the 
surface with a microscope. The disc has a spiral groove 
with 150 convolutions per inch of radius. The, lines are 
1/15(5 of an inch from centre to centre. The radius of 
curvature of the sound grooves is 4/1000 (.004) of an 
inch. The average depth of the grooves is 1/1000 inch. 


311 


PAPERS ON PAINT AND VARNISH 


N 

/ ^ 

/ \ 



One record may be used for several pigments which 
may be numbered and the records kept in a cabinet for 
comparison as standards for various subsequent batches 
of pigments produced or received in the factory. Dur- 
ing the procedure of rubbing the pigments into the 
grooves, characteristic differences are at once noted. 
Some pigments will feel coarse and gritty. Others will 
have a soapy or unctuous feeling. For instance, two 
samples of china clay or barytes which appear to be of 
equally fine texture when rubbed between the fingers, 
may upon rubbing into the record show entirely different 
characteristics. One pigment may feel soft or “silky” 
in texture, while the other may feel granular and ‘‘gritty.” 
Microscopic examination of the surface will then imme- 
diately disclose the reason for this phenomenon. 
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FIG. 37 

Record with various pigments mounted for microscopic test. 


Most pigments are made up of particles of varying 
size. The large particles are often covered with fine ones. 
When such pigments are placed on a record, the rubbing 
action forces the large crystals between the grooves and 
arranges them with their facets parallel to the plane of 
the record. The fine particles are at the same time wiped 
f#m the larger crystals, so that the form of the latter is 
disclosed. With fume pigments, the very fine particles as 
well as the. agglomerates may be shown. The relative 
degree of color, whiteness and hiding power of the pig- 
ments are to some extent also indicated. 

For the microscopic examination it is advisable to use 
a 32 mm objective and a 12.6 x eye-piece. Greater depth 
of focus is thus obtained and the magnification is suffi- 
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cient. It is usual to look at the disc obliquely in order to 
get the specular reflection of the light. 

For a photographic record of the appearance of the 
pigments, great care should be taken that a strong light 
is provided and that a water cell is interposed for ab- 
sorbing the heat rays of the light. Otherwise the light, 
impinging upon the record at one point, will cause a 
melting down of the grooves. Photography then becomes 
impracticable. 



FIG. 38 

Particles of a very finely divided white pigment. Agglom'eratea shown. ' 

CourUing Particles : The writer has conducted other 
experiments with the object of actually counting the 
number of particles in a given weight of pigment. 
These experiments fndicate that this may be ac- 
complished with the Haemacytometer such as is 
used for counting blood corpuscles. For this pur- 
pose, the writer has found it advisable to use an 
extremely .small amount of pigment and to suspend it in 
water containing a small aipount of emulsiflcation reagent 
to keep the pigment in suspension. One gram of pigment 
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FIG. 39 

Particles of a coarse fibrous mineral pigment. Note rod- like structure. 

to 1000 grams of water containing a very small amount of 
gelatin has been found fairly satisfactory. After the 
emulsion has been thoroughly shaken, a few drops are 
withdrawn and placed in the counting chamber of the 
object slide. This slide is divided into squares occupying 
an area of 1/400 of a square millimeter. By counting the 
number of particles disclosed in the squares and by proper 
multiplication, an estimate of the number of particles in 
a known weight of the pigment may apparently be made. 
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Metal Powders as Pigments 

Zinc — Aluminum — Lead — Copper — Iron 

Zinc , — Finely divided metal powders have specific uses 
as pigments. Zinc powder (zinc dust) for instance, has 
been employed to some extent as a pigment, and for many 
years has formed a substantial part of the antifouling 
and anticorrosive ships bottom paints used by the Navy 
Department. It would seem that a much more extensive 
application of this powder in paints could be made. For 
instance, a paint made of finely divided zinc powder sus- 
pended in a heavy bodied drying oil, a spar varnish, or a 
lacquer could be vsed as a ‘'liquid galvanizing.'' When 
applied to a bare iron surface or to a galvanized surface 
from which the galvanizing had worn off, there would 
result a waterproof film containing a metal that would 
protect the iron from corrosion. Exposures made by the 
writer of what might be called “liquid galvanizing" made 
along the above lines have given excellent results after a 
period of two years. Zinc powder of the following grade 
will be found quite satisfactory for use in paints. Great 
fineness is the chief requisite for successful application 
in this field. 

It shall consist of zinc dust that contains at least* 90% - 
metallic zinc. It shall be of such fineness that 96% shall 
pass through a 300-mesh screen. 

Aluminum , — Aluminum powder has been used to some 
minor extent; in aluminum bronze paints, being sus- 
pended in a liquid usually composed of a quick-drying 
varnish. The temporary character of the varnish that 
has usually* been selected for this purpose may be respon- 
sible for the existiig belief that such paints are not sat- 
isfactory for exterior work on metal. As a matter of 
fact, however, aluminum powder when used with a good 
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grade of exterior spar varnish will give good results and 
it would appear that the value of this type of paint has 
been overlooked by the designers of protective coatings. 
Because of their low weight they might be preferred for 
certain specific purposes, such as the waterproofing of 
speed boat hulls. Another property possessed by this 
type of paint is that of high solar radiation; surfaces 
coated with it remaining very much cooler when exposed 
to the sun than those coated with dark colored paints. 
A similar type of coating might also be used with satis- 
factory results as a protective for rubber automobile 
tires. The high reflection obtained would largely prevent 
the destructive action of the sun, which is responsible for 
the rapid decay of rubber. Aluminum powder of the fol- 
lowing grade is quite satisfactory for u«e in paints. 


It shall consist of powdered aluminum containing at least 
98% metallic aluminum and not over .5% copper. It shall 
be of such fineness that it will all pass through a 200-mesh 
screen. When such paints are used over rubber surfaces, 
the amount of copper present in the aluminum powder should 
preferably be less than 0.1%. 

Lead , — Finely divided metallic lead has also been used 
in metal paints with successful results. For instance, 
bituminous compositions for under water use, containing 
finely divided lead, have been used to a conisderable ex- 
tent. 

Copper . — There has been but little industrial applica- 
tion of finely divided metallic copper as a pigment, but it 
#ould appear that it could be used with great success in 
certain types of marine work. Where copper oxide paint 
is now employed, copper might be used if prepared with 
a sufficient degree of subdivision. A more recent method 
of protecting ships' hulls in order to give a copper surface 
in place of copper sheathing,, is to apply a coat of quick- 
drying spar varnish and then dust or blow on finely di- 
vided copper. The copper adheres to the varnished sur- 
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face and produces a metal-like sheathing that is toxic to 
marine growths. 

Iron , — Finely divided iron in the form of iron filings or 
precipitated iron has been used to a slight extent in 
paints and also as an ingredient in surface coatings for 
floors, being admixed with the cement or other material 
to form a very hard surface. Other metals in powdered 
form may also find special application as surface coatings 
and become listed in the index to the many hundreds of 
raw materials used in the manufacture of paint. 

Although both zinc and aluminum have a high pro- 
tective action on iron surfaces, it would appear to the 
writer that the efficiency of either as a pigment in metal 
primers would depend to some extent upon the amount 
of pigment actually present, since nearly every test of 
metal primers has shown that increase of pigment up 
to a certain maximum adds greatly to the durability. 

When metal powders are employed in primer paints, 
those metals should preferably be used that have a higher 
solution tension than the iron itself. This same general 
principle should apply, for instance, in the plating of 
metal. For example, when iron is plated with either cop- 
per or nickel, a very dangerous condition will result and 
active corrosion may ensue at an early period. In order 
to better understand this conidtion, a brief outline of the 
causes of corrosion is given below. 

If two metals are placed in contact in the presence of 
water, a primary battery is formed, and galvanic action 
ensues. The electropositive metal will go into' solution 
and the electronegative metal will be unacted upon. This 
effect may be illustrated by placing a strip of iron in a so- 
lution of copper, when it will be found that the iron (elec- 
tropositive metal in this couple) will go into solution and 
the copper (electronegative), will plate out on the. iron. 
If a strip'of iron is placed in a solution of zinc, no such 
phenomenon will occur, zkic being electropositive to the 
iron. If copper plated steel or iron becomes scratched or 
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abraded, moisture and air will be admitted. The iron, 
being the electropositive metal in the galvanic couple that 
is formed, will rapidly pass into solution. The oxygen 
of the air will then oxidize this solution and iron rust 
will be precipitated out, piling up into a spongy mass 
which will retain moisture that will serve to continue the 
corrosion. 

There are shown below a number of the commonly used 
metals, in the order of their solution tendencies : 

Aluminum 

Zinc 

Iron 

Nickel 

Lead 

Copper 

Tin 

Antimony 

Any metal shown above, when placed in contact in the 
presence of water with another metal lower in the series, 
will tend to protect the latter metal from corrosion. A 
study of the above series will indicate that the only com- 
mercially available metal of moderate price and applica- 
ble as a coating, that is higher in the series than iron, is 
zinc. This metal is therefore theoretically ideal to use 
as a protective coating on iron surfaces when applied 
in the form of galvanizing. The film of zinc produced, 
even when abraded, will have a marked protective influ- 
ence upon the adjacent areas of bare steel. For paint 
uses, both zinc and aluminum powders may be used in 
piimers, with due observance of the principles outlined 
above. 
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Primers for Aluminum and Galvanized Iron 



FIG. 40 

SPOT TEST ON ALUMINUM. 

Etched surface of Aluminum. Unaffected surface of Aluminum. 

Caused by Basic Pigment. Neutral Pigment used. 


Aluminum Corrosion as Affected by Basic Pigments , — 
Metallic aluminum is popularly supposed to be non-cor- 
rodible since it does not evidence marked discoloration 
under ordinary conditions of use. This is due to the fact 
that its oxygen compound is white and less readily dis- 
cernible than the oxides formed when other metals, such 
as iron, corrode. Under severe conditions of exposure, 
aluminum shows very rapid corrosion because of its high 
solution tension* The white oxide that forms presents a 
rough surface to which soot will adhere tenaciously, caus- 
ing a mottled appearance. Aluminum metal should there- 
fore be* given surface protection whenever practicable, 
but great care shduld be exercised to select the propei 
type of coatings. 

As a result of some recent experiments, the writer has 
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found that aluminum is rapidly attacked by pigments of 
a basic (alkaline) nature, such as are considered neces- 
sary for the protection of iron and steel. It is affected 
only to a slight extent by some pigments which stimulate 
the corrosion of iron, and practically unaffected by inert, 
crystalline pigments. For instance, red lead, white lead, 
zinc oxide, and other basic pigments, when applied to 
aluminum, etch the surface rapidly whereas silicious 
earth and other neutral crystalline pigments have no etch- 
ing action. This phenomenon may be demonstrated by 
grinding a pigment in water to paste form and placing a 
small amount of the paste on a sheet of aluminum for a 
period of 24 hours. The result shown in the above illus- 
tration will be duplicated. 

Automobile bodies, household devices, and similar * 
products are often constructed of aluminum on account 
of the lightness and other unique physical properties of 
this metal. When these articles are “primed'' or “filled" 
with paint, it is customary to sand or otherwise roughen 
the metal in order to prevent peeling. The solid part of 
the priming paint might for this special application be 
made up of a substantial amount of basic pigments ad- 
mixed with silicious earth pigments. Under favorable 



FIQ. 41 

SPOT TEST ON GALVANIZED IRON 
Showing Etching Effect of Basic Pigments 
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conditions, the surface of the metal would be slightly 
etched by the basic pigments and a firm foundation from 
which subsequent coats would not peel would then be pro- 
vided. The moisture shedding effect of the many outer 
coats should be sufficient to prevent any substantial 
progressive corrosion. 

For other forms of aluminum, which may be exposed 
to atmospheric conditions, the use of a high grade spar 
varnish is recommended. The bright color of the metal 
would not then be obscured. 

Pigments for Galvanized Iron Primers , — The smooth, 
spangled surface exhibited by galvanized iron treated 
by the hot dip galvanizing process is in some in- 
stances the cause of the peeling of subsequently applied 
paint coatings. As the result of some tests just made by 
the writer, it wofild appear that much of this trouble 
could be obviated by the use of special priming paints 
made up with basic pigments. This would be indicated 
by spot tests which show that basic pigments in the 
presence of moisture rapidly etch the surface of galvan- 
ized iron. Results such as are shown in the above photo- 
graph may be obtained by grinding a pigment in water 
to paste form and placing a small amount of the paste on 
a sheet of galvanized iron for a period of 24 hours. The 
pigment should then be washed off and the etching effect 
observed. 

A primer paint made up with substantial amounts of 
basic pigments, such as red lead and zinc oxide,, ground 
in an oleaginous liquid containing sufficient water tp make 
reactive the basic properties of the pigments gave initial- 
ly satisfactory results.. Although more extended ex- 
posure tests of such a material are required upon which 
to base a conclusion as to its value, it is believed that the 
principle involved in its use is sound. 
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Bare Elements as Paint Pigments 

Many of the rarer elements that heretofore have had 
but little industrial application, received much considera- 
tion during the war-time period. It is probably safe to 
state that many of them will be used as the basis of prep- 
arations destined to become of great importance in the 
arts. Their possibilities as pigment bases, for instance, 
has for several years engaged the writer's interest. 
Among the more obscure or not commonly known metals 
that he has experimented with are molybdenum, cerium, 
lanthanum, selenium, thorium, titanium, tungsten, ura- 
nium, vanadium, zirconium, beryllium,, and radium. 
Nearly all of the above metals, in the form of their re- 
spective insoluble compounds, have » high refractive 
index and consequently produce, when ground with oil, 
very opaque mixtures having a hiding power comparable 
with lead or zinc pigments. 

From the standpoint of war-time usage, radium pig- 
ments have been of the greatest interest; substantial 
quantities having been used and with most successful 
results on the dials of altimeters, air speed meters, and 
similar aircraft instruments, and on other military para- 
phernalia used in modern warfare. The radium may be 
applied as a salt to an active or sympathetic base having 
real pigment properties, such as zinc sulphide. This 
activated pigment is mixed with a thin, clear varnish 
that acts as a binder. Only small amounts of radium 
salts are required in such paints to produce energetic 
vibrations that send out active radiations in the form of 
a soft greenish glow. The light produced is sufficient for 
the result intended. The radium salts used are manu- 
factured largely from carnotite ore niined in Colorado. 
These paints have almost entirely replaced thi old lumin- 
ous calcium sulphide paints which, although compara- 
tively low in price, depend upon absorption of energy 
during the day time when exposed to sunlight. They 
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are of but short life and not intensely phosphorescent. 
The only substitute for radium is mesothorium, an ele- 
ment found in monazite sand that is mined in certain of 
our Southern States. This sand is the product from 
which thoria is extracted for use as the glow base for 
incandescent gas mantles; as high as 5% of thoria being 
present in some American sands and 9% in some of the 
East Indian varieties. The meso-thorium present in the 
sand is, like radium, capable of sending out active radia- 
tions and has been used as the basis of some luminous 
paints. Its longevity is not as great as that of radium. 

Selenium, an element analogous in some of its proper- 
ties to sulphur, which is obtained during the smelting 
and refining of copper, has had but little industrial ap- 
plication. The vjriter has prepared several most inter- 
esting pigments from it (the selenites of lead and barium, 
for instance) which are very white and of fine grain. 
Their exceptionally high refractive index gives to them 
intense opacity. Other pigments of a closely related 
nature may be produced from beryllium, an element found 
as a silicate or aluminate in several Eastern States. 
The oxide and similar products of zirconium have a very 
high degree of whiteness, opacity, and permanence. From 
titanium, an element which is widely distributed, many 
most interesting compounds have been produced, and it is 
highly probable that they will some day be used to a great 
extent as pigments where great opacity, perinanence, and 
other closely related physical properties are. desired. 

Among the more common elements from which white 
pigments may be made are arsenic, antimony, bismuth, 
and tin. The color compounds of these metals produce 
black, yellow and orange pigments that have had but lit- 
tle use. When their salts are precipitated as oxides, 
oxychlorides or ofher basic salts, white pigments of high 
opacity are obtained. The toxic nature of some of these 
products and their high price as compared to white lead 
or zinc pigments has limited or prevented their use. 
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Waterproof Glues 

In the paint industry, animal glues (gelatine) and vege- 
table glues (processed starch) have been used as adhe- 
sives for cold water paints and calcimines, and for labeling 
gums. These forms of glue possess the undesirable 
property of becoming weak when exposed to moisture or 
subjected to the action of water. As a result of war time 
endeavors to develop satisfactory glues for seaplane ply- 
wood, laminated gun stocks, and other products, there be- 
came available glues produced with casein or blood albu- 
men as a base. These glues have extraordinary water 
resisting properties. Plywood made of 5-ply veneer 1/16 
inch thick glued with casein glue may be boiled in water 
for eight hours and still show an average breaking load 
of not less than 90 pounds per square inch. One-inch test 
blocks may be placed together with this glue and show a 
shearing strength of 2,200 pounds per square inch. 

Casein glue is cheaper than blood albumen glue, and 
is probably more practical for most commercial purposes 
where application is made by hand rather than by ma- 
chine or hot press. It is possible that casein glue might 
be found useful as a base for label pastes. Its slightly 
alkaline reaction would etch the surface of tin with the 
possibility of greater bonding power than some other ad- 
hesives. Because of its high waterproofing properties, it 
might also be useful as an adhesive in calcimine and cold 
vlter paints. The writer has experimented with such 
glue as a part of the liquid portion of exterior paints, and 
- secured interesting results. If desired, casein glue may 
be prepared direct from casdn by the addition of moder- 
ate and well regulated amounts of slaked linfe, caustic 
soda, or sodium silicate. As a rule, however, it is advisa- 
ble to purchase the glue in prepared form, since carefully 
selected and finely divided casein, having a very low acid. 
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fat, ash, and moisture content, and high nitrogen content, 
is used for this purpose and skillfully mixed to produce a 
successful product. 

It is of great importance when any type of casein glue 
is used that it be properly mixed. Otherwise unsatisfac- 
tory results might follow. One of the best mixers is oi 
the change can, bladed type, such as is used for mixing 
paint previous to grinding. The dry powder is placed in 
the mixer and from one to two parts of water added, ac- 
cording to the degree of fluidity desired. It is preferable 
that the container for the material should be of the enam- 
eled type, as copper, aluminum, and brass vessels are 
slightly attacked by the glue. After the glue has beer 
mixed, it is usual to allow it to stand for a period of one- 
half hour before use, in order to develop its full strength 
Glue thus made, ‘‘as a rule, will remain fluid for a period 
of five hours, although some types may remain fluid for s 
much longer period. After standing in aqueous admix- 
ture for 24 hours, most casein glues set up to a hard 
unusable mass, and it is then necessary to make up fresl 
batches. The glue dries to a very . waterproof film oi 
great strength. 
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Quick Drying Lacquer Coatings 

Coatings of a very rapid drying nature were required 
during the war period for many types of manufactured 
products. Tung oil varnishes, cut with a high percentage 
of volatile spirits, were used for the base of many of these 
coatings. It was found, however, that where greater 
rapidity of drying was required, spirit varnishes of the 
shellac type were necessary. Later on, speed of produc- 
tion on some products demanded the use of finishes that 
would dry within a few minutes, and cellulose lacquers 
or ‘‘dopes'’ were adopted with successful results. Such 
“dopes” were already in use for making moisture resist- 
ant and rendering taut the fabric wing surfaces of air- 
craft. They were composed of either cellulose acetate or 
cellulose nitrate dissolved in volatile solvents. For air- 
craft work their composition resembled those shown 
below : 


Cellulose Acetate Dope. 


Methyl acetate 

60% 

Methyl ketone 

10% 

Benzol 

15% 

Acetone 

10%, 

Diacetone alcohol .. 



Each gallon of dope made with the above liquids con- 
tained approximately 7 to 9 oz. of cellulose acetate, 1 oz. 
tliphenylphosphate, and very small quantities of chemi- 
cals such as benzyl acetate, benzyl benzoate, and urea. 

The various stabilizers and other solid ingredients in 
the dopes were used for specific purposes (such as to in- 
crease fire resistance and flexibility, or to prevent the de- 
velopment of free acid or “blushing”) , but are not usually 
required where the “dopes” are to be used only as protec- 
tive coatings. 
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Cellulose Nitrate Dope. 


Butyl acetate 20% 

Ethyl acetate 60% 

Benzol 30% 


Each gallon of dope made with the above liquids con- 
tained from 6 to 8 oz. of cellulose nitrate. 

Cellulose nitrate “dope” is greatly improved as a pro- 
tective coating by the addition of from 5% to 7% of cas- 
tor oil or treated tung oil. Greater elasticity of film, and 
slower evaporation result. 

It is quite possible that cellulose nitrate lacquers made 
on the above basis will find application in peace times for 
certain specific purposes where quick drying, hard, and 
elastic films are required. They may be admixed with 
pigments to produce colored coatings which dry to a flat,, 
washable surface. When mixed with aluminum powder 
or zinc powder, quick drying, hard primers for metal are 
formed. These may be used satisfactorily as the base for 
many metal finishes. As substitutes for shellac on some 
types of work they should also prove of value. 

For coating shells and similar metal objects, these 
paints should prove efficient, as they may be applied by 
spray, brush, or dipping, drying almost immediately to a 
moisture resisting, flexible film. Baking at a low temper- 
ature is permissible. 

The writer has found clear or colored cellulose nitrate 
lacquers to act as excellent primers for certain types of 
cement floors that are to be painted. Through their use, 
waterproofing greases or other materials in the cement, 
are insulated from ‘action on subsequently applied 
enamels. 

It should be pointed out that cellulose lacquers or 
enamels are not as durable as those made with oil or 
varnish. * They are, however useful for certain purposes 
where the longevity may, be partly sacrified to obtain 
rapid drying. 
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Notes on the Standardization of Mineral Spirits 

Properly refined mineral spirits have come into ex- 
tended use in the last fifteen years for thinning paints 
and varnishes. During the present abnormal situation in 
the turpentine industry their use has been greatly ex- 
tended. The type most desired is that which most closely 
resembles turpentine products in evaporative value. 
Grades for instance, which have given excellent results 
show upon distillation 97% between 150” and 215“C.; 
others of good quality show 97% between 160” and 230”C. 
Grades showing a high end point may contain sufficient 
mineral oil to slow down the drying of certain paints and 
enamels. The higher boiling grades are, however, useful 
for thinning flat wall paints where a fairly long drying 
period is desired in order to allow the paints an opportu- 
nity to flow out to smooth films. Ordinarily, however, the 
lighter boiling grades are preferred. 

Probably the most important point to consider in the 
selection of mineral spirits is that of solvent properties. 
The solvent properties depend very largely upon the base 
from which the distillates are derived. For instance, 
those produced from an asphaltum base petroleum are 
usually more unsaturated and contain more cyclic hydro- 
carbons. They often have, therefore, higher solvent 
properties than those produced from a paraffin base pe- 
trdleum. A series of comparative tests are under way 
to determine the solvent properties of each grade of min- 
. eral spirits when used for thinning varnishes, boiled oils 
and blown oils. This investigation will .also include in- 
formation regarding their effect on glossing, flatting and 
other properties. 

A series of analytical determinations upon a number 
of samples of mineral spirits recently obtained by the 
writer from the producers and users are shown herewith. 
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NOTES ON STANDARDIZATION OF MINERAL SPIRITS 


The results of these investigations have been used as a 
basis for drawing up standard specifications for mineral 
spirits by the Interdepartmental Committee on Paint 
Specifications Standardization. The following specifica- 
tions were submitted for their consideration : 

APPEARANCE: — It shall be clear and free from suspended 
matter and water. 

COLOR: — It shall be water white. 

SPOT TEST: — It shall evaporate completely from filter 
paper without leaving a greasy mark. 
FLASH POINT:— It shall be not lower than 30°C (85°F) 
when tested in a Tag closed tester. 
SULPHUR: — Sulphur shall be absent as determined by the 
white lead test. 

Distillate below 130 “C. (ZOfi^F) shall not exceed 5 percent. 
FOR TYPE 1: — Distillate below 216*C. shall be not less 
than 97 per cent. 

FOR TYPE 2:— Distillate below 235 °C. shall be not less 
than 97 per cent. 

REACTION : — It shall be neutral. 
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CHAPTER XXV 


An. Emollient for Skin Protection in the Dope and 
Varnish Using Industries 

During the war period workers upon airplane wing 
fabrics found it difficult to avoid occasional splashing of 
compositions containing large quantities of volatile solv- 
ents such as benzol, acetone, and alcohol. Their hands oc- 
casionally became encrusted with dried dope, which could 
only be removed through the use of strong solvents such 
as acetone and methyl acetate. As a result, cases of 
skin trouble were observed. The hands would become 
swollen and covered with an eruption. Similar cases of 
skin trouble have been observed among workers who con- 
stantly have their hands in contact with benzine, and 
like solvents or in contact with lubricating and cutting 
oils which may carry dirt into skin cracks and cause 
infections. 

The writer, during the war period recommended for 
dope workmen a hand salve made on the following 
formula : 


Formula: 

Lanolin (Adeps Lanae Hydrosus) 26 parts by weight 

Petrolatum 26 “ ' ** • ** 

Stearine 26 “ « “ 

Glycerin 26 ’"“ “ ■ 

Total 1.100 “ “ 


This material was rubbed into the hands before start- 
ing work. It is not rapidly attacked by solvents. After 
washing up at night the workmen may rub in a little more 
of the salve. It keeps the skin in good condition. Its use 
apparently avoided all cases of skin trouble. During the 
last year if has been used successfully in a large oilcloth 
and artificial leather factory where in the machine and 
drying rooms several hundred gallons of coating solvents 
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are daily evaporated. Such use might appropriately be 
extended to other industries where there are used coating 
compositions containing large amounts of volatile organic 
solvents or thinners. 
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CHAPTER XXVI 

Illumination From Paint 


Lighting with Paint . — People are just beginning to ap- 
preciate the value of paint from a lighting standpoint. 
For instance, the now almost universal practice of paint- 
ing the interior walls and ceilings of factories in order 
to increase the illumination has developed within a few 
years. The tremendous savings in electricity or other 
illuminants, and the increased efficiency of the workers 
resulting from such practice, have given mill owners an 
appreciation of paint for this purpose. A further and 
even greatly extended use of paint as an illuminant re- 
flector will soon beoobserved. 

Lighting Terminals and Carriers . — In practically every 
old-style urban railroad terminal there are immense train 
sheds which present a neglected and gloomy appearance. 
Where paint was used, a very dark color was generally 
selected, as paint was looked upon simply as a preserva- 
tive and black was the prevailing color of metal preserva- 
tive paints. In some instances, however, no paint was 
applied. If such structures should now be painted so as 
to provide a finishing coat of white or of light tint, the 
amount of light inside the sheds would be tremendously 
increased. Accidents would be prevented . and many 
glaring lights might be done away with. Moreover, the ^ 
arriving guest would not feel depressed or secure a wrong 
impression of the community. While it is appreciated 
that the smoke from the locomotives would stain white 
paint, ita surface would not become as dark as the un- 
coated structure. In any event, the lower parts might be 
washed occasionally. Similarly, in warehouses, freight 
sheds, whaVf houses, interiors of freight cars, vessel 
holds, etc.r the application of light paints to the present 
uncoated interiors would immensely improve the work- 
ing conditions. 
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Lighting Machinery. — ^Very little has so far been done 
with paint for lighting machinery. For instance, many 
of the surfaces of the machines in large factories are un- 
coated. They gradually assume a dark color that gives 
shadows that may be responsible for many accidents. If 
the working surfaces of such machines should be painted 
white a much greater amount of light would be obtained. 
Accidents would thus be minimized and production ef- 
ficiency increased. 

Lighting Streets and Country Highways. — ^While the 
use of paint for marking asphalt streets for traffic regu- 
lation purposes has increased in some cities to quite an 
extent and has effectually aided in bringing about a more 
general observance of the rules of trafic, it can readily 
be seen how much greater should be the extension of this, 
principle. For instance, all stone curbing on dark or 
poorly lighted streets might be painted white. A de- 
crease in motor accidents would probably result. Along 
the open highways and boulevards, especially at danger- 
ous corners and along embankments, marking stones and 
the trunks of trees at well-defined distances on either 
side, if painted white, would reflect the illumination af- 
forded by headlights and make night driving much safer. 

Painting Motor Tires. — The (solar) reflecting value 
of white and very light tints has also been shown 
recently to be a factor of great importance. Certain ex- 
posed structures, such as gasoline tanks, can be kept 
much cooler if the finishing coats of paint are of light 
color. This principle should be applied to many other 
products that are often uncoated. For instance, all au- 
tomobile tires are not white, although many manufac- 
turers, as a result of the demand for a more attractive 
tire and one of great durability, are resuming the pro- 
duction of at least white side walls. Those th^t are black, 
red’or other dark colors absorb heat (solar) rays whhh 
are tremendously harmful to rubber. For this reason the 
owner might appropriately paint all dark colored auto- 
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mobile tires with specially designed white tire paints. 
The high solar radiation shown by such paints will have 
a protective influence of great importance. 

Painting Telegraph Poles, — It would be difficult to state 
how many million telegraph poles line the highways and 
railroads of America. It is not difficult, however, to show 
that these poles, under the climatic conditions existing in 
many sections, do not last indefinitely. Impregnation of 
the underground part is a practice that is generally 
adhered to in order to provide protection from under- 
ground decay. The upper part, exposed to the air, is 
seldom surfaced, and the ravages caused by exposure to 
the air soon become apparent. It is quite fair to state 
that overground protection, to be had through paint ap- 
plication, is also necessary, especially on all that are 
squared or otherwfse dressed. Such treatment would ex- 
tend the replacement period and help to conserve forests. 

Painting Railroad Ties, — ^The millions of wood ties used 
on railroads, even though they are in many instances im- 
pregnated with zinc chloride, creosote or other preserva- 
tives, would probably last an even longer period than at 
present if they were subsequently given surface protec- 
tion with the proper type of paint. These ties should at 
least be painted on trestle bridges where hot coals 
dropped from locomotive fire-boxes might cause destruc- 
tion. 

Painting Rails and Track Equipment, — The above Ob- 
servation may lead some people to inquire why even rail- 
road tracks are not painted. While it migfet be ,of some 
advantage to preserve the flange surfaces from corrosion 
by painting, the bearing parts really require no surface 
protection, as they are kept bright and free from corro- 
sion by the constant friction of the wheels. While the 
surface of new rails may show a film of rust, used rails 
seldom rust, even during a period of long inactivity. 
This is due to the physical condition of the much stressed 
and hammered surface, which apparently becomes pas- 



ILLUMINATION FROM PAINT 


sive to electrolytic corrosion. Disregarding, however, the 
use of paint from the protective standpoint, the flange 
parts of steel rails at cross-overs, switches and other 
places might with advantage be painted white for safety 
purposes. Grade crossings thus treated would be better 
indicated at night. Railroads now average about one 
fangate to the mile. These should always be painted 
white and with sufficient frequency to maintain a sur- 
face of high reflection. 

The following research conducted by the writer pre- 
sents clearly the scientific data on which the foregoing 
principles are based. 

Some P'nnciples Involved in the Manufacture of In- 
terior Wall Coatings Having High Reflection Factors , — 
In the paper entitled, ''Light Reflection Values of White 
and Colored Paints”,* the writer presented some meas- 
urements showing the reflection factors of various tinted 
wall colors, which ranged from 11 to 66 per cent, accord- 
ing to the shade, tint or intensity of color. The results 
presented in that paper have been of considerable value 
to decorators in selecting colors for dwellings, hospitals 
and other public buildings where specific amounts of light 
are desired. In the same paper, the subject of factory 
illumination was discussed and the savings in coal or 
electricity resulting from proper painting were pointed 
out. Since the interiors of factories are almost invariably 
painted white, further data has apparently become neces- 
sary for the guidance of factory engineers in order that 
intelligent selections of wall and ceiling colors may be 
made. Accordingly, more extended tests have just been 
%ade in which were included a number of commercial 
paints obtainable upon the market that have been widely 
used for increasing the light in factories. 

The test pieces selected were of sheet tin, approxi- 
mately six inches square. They were first priihed with a 
flat white lithopone paint and then given three coats of 

•Reprinted in the author’s book, “Paint Researches and Thteir Practical 
Applications.” 
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the various paints made up for test, allowing two days 
for drying between each coat. The reflection factor of 
each specimen was determined in an integrating sphere in 
which a beam of light was thrown upon the samples at 
an angle of 15 degrees to the normal. The surfaces were 
compared with a freshly surfaced block of magnesium 
carbonate having a reflection factor of 88. The results 
appear in chart form below. 

It would appear that the instruments now used for de- 
termining the reflection factors of painted surfaces do 
not give as close results as might be desired. For in- 
stance, in previous tests* white paints gave only slightly 
higher reflection factors than white paints that had been 
tinted to a very faint cream color. It is the writer's 
opinion, however, that paints which have been tinted to 
a cream color, or paints which have become soiled or dark- 
ened due to exposure, actually give very much less light 
reflection in a room than paints of a high degree of white- 
ness. It should therefore be of interest to have tests 
conducted on a large scale in factories where paints of 
both types are in service on large wall areas. It is pos- 
sible that the Sharp portable photometer might be of 
service for such work. 


TABLE 117 

Series I. — Reflection Factors on Commercial Paints. 


Composition. Ileifectloa Factor 

Aluminum Enamel 52 

White Paste Paint that has become slightly .y^How with age 

and dusty : 68 

Mill White Gloss A 70 

Mill White Gloss B 70 

White Enamel 73 

Mill White Flat 74 

Flat Interior Wall Print 76 


There, has been considerable discussion as to whether 
the gloss type of factory paint is more to be desired than 
the flat t 3 rpe. Because of the glossy surface produced 
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by the former type, it has been assumed that such paints 
* have a higher light reflecting value. This apparently is 
not so. The tests charted above show that the gloss 
paints give slightly less illumination than the flat paints. 
The difference in the reflecting power is due to the higher 
amounts of pigment contained in the flat wall paints; 
such paints having approximately 70 per cent of pig- 
ment whereas gloss paints usually contain less than 60 
per cent of pigment. The percentage and opacity of the 
pigment present has a direct bearing on the light reflect- 
ing value of the paint; the higher the pigment content 
the greater the reflection. It should, however, be borne 
in mind that gloss paints are less receptive to dust reten- 
tion than flat paints ; the latter type invariably presenting 
a rougher surface to which dust will adhere more te- 
naciously than upon well-hardened gloss surfaces. For 
this reason some factories may prefer the gloss surface 
to the flat, whereas other factories in which there is little 
dust may prefer the flat to the gloss because of the 
slightly 'greater illuminating value of the former. Re- 
sistance to washing is another factor that deserves con- 
sideration.' Gloss paints are as a rule more easily 
washed and stand washing better than most flat paints. 

Attention is also called to the results obtained on 
aluminum enamel, a product that heretofore has been 
considered as possessed of high reflecting value. It is 
shown by these tests that aluminum enamel is very much 
lower in actual illuminating power than white paint. 

In pursuing the investigation it was thought desirable 
to obtain actual light reflection values of some pigments 
#sed in the paint industry and for this purpose there was 
prepared a series of paints in which each pigment was 
used in the same amount by weight in a flat wall liquid 
such as is in common use for the manufacture of flat wall 
paints. This liquid was reduced with a considerable 
amount of thinner, as the formula will indicate. The 
results obtained, which are of a tentative nature, aro 
charted below : 


339 



PAPERS ON PAINT AND VARNISH 


TABLE 118 


Series 11. — Reflection Factors on Various White Pif(ments» Each 
Made Up on a Weight Basis with the Following Formula: 

Pigment 66.6% 

Flatting Oil - 10.7% 

Turpentine 22.7% 


Pigroent. Reflection Factor. 

Lead^ zinc (36% Lead) 78 

Lithopone 80 

Leaded Zinc (6% Lead) 80 

Zinc Oxide (American Process) 81 

Zinc Oxide (French Process) 81 


Magnesium Carbonate dry was taken as the stand- 


ard at 


88 


When used in the same formula as given in Series 11, titanium pig- 
ment (lfi% TIO,) gave a reflection factor of 80. Titanium pigment (25% 
TiO.,) gave a reflection factor of 81 Ih Series II. 

Pigments of low specific gravity when ground in 
oil have a high** light reflecting value whereas many 
heavy pigments in oil have comparatively low re- 
flecting values. This is due to the marked difference in 
oil absorption of the two types. The low gravity pigment 
paints were bulky and white; the high gravity pigment 
paints were less viscous and of a lesser degree of white- 
ness due to the larger amount of vehicle present. Had 
the paints been made up by using the same amount of 
pigment by volume rather than by weight, different re- 
sults might have been obtained. However, a formula was 
selected which allowed for the manufacture pf paints, 
all of which could be applied by brush, and whidi approx- 
imately corresponds to the formula in use ih the manu- 
facture of many interior wall paints — 66 ’2/3 pigment, 
33 1/3 liquid. 

Another series of tests were then made to determine 
the light-reflecting properties of several common pig- 
ments when made into paints on the volume basis rather 
than on the weight basis. These paints were tested in 
the same manner as those in .Series II. Their composi- 
tion and 'reflection factors are given in the attached 
chart. . It will be noted that they were all ground in 
refined linseed oil, the varnish mixture used in Series II 
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being impractical for the volume formula used, due to 
the stiffness of some paints made with pigments of light 
gravity. 

Special attention is called to the results shown with 
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•white lead having a reflection factor of 65. This pig- 
ment, when added in sufficient quantity to constitute 
78.5% of the paint, then gave a reflection factor of 76. 
This result gives further confirmation of the findings 
that the light-refiecting value of a paint increases with 
pigment concentration. 

It is of the greatest interest to note the extraordinarily 
high reflecting value of most of the paints used in Series 
11. They were ground in a minimum amount of liquid, 
more than two-thirds of which was of a volatile nature. 
These paints when dry contained more than 84 per cent 
of pigment and less than 16 per cent of liquid binder. 
The previous tests* made by the writer were on paints 
of normal composition, averaging from 65 to 70 per cent 
of pigment and showing reflection values of 62 to 66. In 
this connection it should be pointed out that dry white 
magnesium carbonate, which is taken as a standard for 
reflection measurements, has a value of only 88, which 
value was very nearly approached by many of the paints 
on which results are charted above. This result is in fur- 
ther confirmation of the writer^s findings that increase in 
pigment means increase in light reflecting value and ex- 
plains why flat white paints of high pigment content give 
greater reflection than white paints of low pigment con- 
tent. Moreover the results point to the possibility of pro- 
ducing paints of extraordinary whiteness and exceedingly 
high light reflecting values. In the writer's opinion a 
flat wall paint requires a relatively small, amount of solid 
binder to give permanent results. Through the use of 
lieavy bodied oils, cut down with volatile thinners, 
paints of this character may be obtained which 
will show reflecting values from 20 to 25 per cent 
greater than many paints of this character now on the 
market. It is, of course, necessary to have present suf- 
ficient binder to prevent settling of the pigments in the 
container and to produce a film that is washable and 

♦Ibid. 
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resistant to decay. Similarly, gloss paints of greater 
hiding power may be produced by increasing the pigment 
content through the use of less viscous liquids. 

Experiments were also made to determine whether a 
practically colorless liquid that has not heretofore been 
used in wall paints, would increase the light-reflecting 
properties of a pigment. The liquid referred to is a 
plasticized nitrocellulose solution. This was mixed with 
lithopone and applied in three-coat work. The rapidity 
of drying, due to rapid evaporation of solvents, prevented 
the paint from flowing as well as desired. It was found, 
however, that each coat would dry hard in less than 20 
minutes and could then be re-coated. This feature would 
make the use of such a product of interest where rapid 
work was considered necessary. Th^ finish was very 
white, flat and washable. It is probable that such a 
liquid could be used successfully in mill whites, and it is 
believed that the absence of drying oils would prevent the 
yellowing that is often observed with some oil paints. 


TABLE 120 
Series IV. 


Formula 


Reflection factor 

No. 1. 



Lithopone 

. ■ 50 


Nitrocellulose solution. 

... 60 

100 

72 

No. 2. 

Lithopone 

66 


Nitrocellulose solution . 

. 36 

76 

Added volatile solvent 

10 

100 



It will be noted that increase in pigment concentration 
and use of a more fluid liquid gave higher reflection 
values to Formula No. 2. 

As bearing on the subject of the illuminating power of 
paints some quotations are made from an article entitled, 
*The Lighting of Buildings,” which appeared on page 227 
of the May, 1919, issue of the Journal of the Institute of 
American Architects: 
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* * * "This question of painting is obviously one that 
should receive the most careful attention of every architect 
when specifying the interior finishes in buildings used for 
commercial purposes, and where the cost of operation is a 
material factor. In one very large office building, the sug- 
gested change from light buff-tinted ceilings and dark buff- 
tinted walls to the kind of treatment suggested above would 
have saved in energy consumption for lighting about $14,000 
a year. Under these conditions it would obviously pay to use 
a paint that can be thoroughly cleaned without injury and to 
pay the cost of the cleaning at least once every six 
months.” ♦ * * 

* * * "Since all but a comparatively small portion of the 
light emitted by lamps is initially received on the ceiling, any 
reaction of the reflection factor of the ceiling means a cor- 
responding increase in the number of lumens that the lamps 
must emit. A change in this reflection factor from 50 per 
cent, which is the reflection factor of a light buff lead and oil, 
to 70 per cent, which is the reflection factor of fresh white 
lead, means an increase in illumination on the working sur- 
face in the room of nearly 60 per cent, if the treatment of the 
wall-surface shpws a reflection factor not less than 60 per 
cent. It is not too much to say that the selection of the wall 
and ceiling coatings is more important than the selection of 
any particular type of reflector equipment on the lamp.” * * * 

* * * "It has been found that lead-and-oil coatings lose 
their reflection factor quite rapidly — about 15 per cent a year, 
independently of dirt accumulations-— due entirely to chem- 
ical changes in the paint. In the case of kalsomines, and sim- 
ilar paints, the loss in reflection factor is about the same as 
with lead and oil, but due to the absorption of dirt into the 
porous paint.” * * ♦ 

» ♦ ♦ “Where tinting is considered necessary, it should be 
remembered that lamp-black has an exceedingly low reflection 
factor, so that even a small portion of it mixed inta the 
paint will reduce the reflection factor of the paint materially. 
If tinting is essential it should be obtained* in other ways than 
by the use of lamp-black. For instance, a series ofL greys can 
be obtained by mixing various red and blue pigments and 
thinning them out with white. Such greys have a lively ap- 
pearance and lacK the dead quality of the grey obtain^ by 
the use of lamp-black. They also have a considerably higher 
reflection factor than similar tints obtained with lamp- 
black.” * * • 
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CHAPTER XXVII 

Dark Wall Colors for Operating Rooms 

An advanced idea in the decoration of operating rooms 
has recently been presented by a San Francisco surgeon 
in an interesting article which is reprinted below by joint 
permission of Dr. H. M. Sherman and the editor of the 
California State Journal of Medicine, The eye strain, 
produced by certain brilliant high gloss colors, is dis- 
cussed and recommendations made for the use of dark 
shades. It is probable that at least modifications of Dr. 
Sherman ^s suggestions will ultimately be adopted in hos- 
pitals throughout the country. Unfortunately, no men- 
tion is made of the results that might be^obtained through 
the use of flat wall colors of the washable type,, since the 
non-reflecting surfaces presented by such paints might be 
of advantage in such rooms, although, as a rule, gloss 
paints are used on account of their resistance to frequent 
washings with antiseptic solutions. The attention of hos- 
pital authorities should, however, be directed to this fea- 
ture of interior painting by the master painter having 
such work in charge. 

In a private communication to the writer Dr. Sherman 
states that a postscript should be added regarding the 
gowns, sheets, table covers, and towels, which he uses. 
Black was found to be rather somber, and, while it was 
theoretically the best, optically it did not prove to be ab- 
solutely essential ; therefore a dark blue cotton fabric was 
selected for this purpose. 

THE GREEN OPERATING ROOM AT ST. LUKE^S HOSPITAL 

By Harry M. Sherman, A. M., M. D., San Francisco Polyclinic 

The difficulty I have had in seeing into the mouth of a small 
child to properly trim and suture the soft palate and uvula, in 
cases of cleft palate, led me, some ten years ago, to use black cloths 
around the mouth instead of the ordinary white toweling. With the 
white environment, the hollow of the mouth is in the deepest 
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shadow and cannot be comfortably seen, unless it be specially and 
over illuminated, as by the wearing of a headlight by the operator. 
With the black environment, however, the mouth is in the high 
light, not in the shadow, the, pupils of the operator are not domi- 
nated by the light reflected from the white towels, and ordinarily 
bright daylight is ample illumination for the work in the back of 
the mouth. 

The discomfort I have had in the present-day white operating 
rooms led me to suggest that we have dark floors and wainscots 
in these rooms, so that the operator who looks up from a wound 
shall not encounter a glare of light and find his eyes useless for 
a moment, as he looks back into the less well illuminated wound. 
The color scheme, it seemed to me, should start from the red of the 
blood and of the tissues, therefore I advised that green, the comple- 
mentary color to red, should be chosen for the color of the floor 
and wainscot. The particular shade of green to be selected was 
that which was complementary to hemoglobin, and it was found to 
be the green of the spinach leaf. Incidentally, it may be said that 
the iron in the chlornphyl of spinach is said to be the same chem- 
ical combination as is the iron in hemoglobin, but I know nothing 
of the value of this, in making spinach green complementary to 
hemoglobin red. 

A room painted in this way, the floor and the walls for six feet 
from the floor, a bright spinach green, and all above a glazzed 
white, was matched for use against a room painted a glazed 
white — floor, walls, and ceilings — in the little operating pavilion 
built at St. Luke’s Hospital just after the fire. No one who could 
get into the green room to do an operation ever went into the white 
room, and after some months of this experience the point was ac- 
cepted as settled sufficiently to warrant the innovation of a room 
similarly colored in the operating suite in the new hospital. Here, 
however, we could not get in tiles as close an apprpximation to 
spinach green as we could in paint; the tile for the .floor had to be 
duller and darker and that for the wall darker,, but, the two shades 
harmonize and answer the purpose perfectly of preventing the 
bright daylight from being reflected upward from walls and floors 
into the eyes. 

Above the level of the six-foot green wainscot is white encaustic 
tiling to the ceiling, and the ceiling itself is a bright buff. This 
arrangement imitates fairly well the optical environment out in 
the fields or among low bushes, where the ground of the surroimd- 
ings, to above the level of tiie eyes, is green, and the sky overhead 
is full of white daylight. This, again,, is the optical condition for 
which the eye was originally adapted by natural selection, and it 
seems only right to reproduce this condition for the eye when it is 
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to be relied upon for quick and accurate work; while the condition 
of the greatest eye strain — ^the dead white and glare of snow on 
ground and bushes — ^is the optical condition reproduced by the 
white rooms and the white furnishings. 

The green room is lighted by a window which gives us a northern 
light, and it reaches from about three feet above the floor up to the 
high ceiling. At first this window was glazed with ground glass, 
but it was at once seen that the room would bear much more light 
than the ground glass permitted, for the excess of light, the use- 
less light which fell upon the floor and the lower part of the walls 
and could not be reflected thence on to the operating field, but 
could be reflected from a white floor and white wainscot in the eyes 
of the operator, w’as all absorbed by the green floor and wainscot. 
Therefore, the ground glass was taken out and transparent glass 
put in, giving a distinctly brighter illumination of the operating 
field. In working with this it was soon noticed that the light re- 
flected into the operator’s eyes by the white sheets and towelings 
was as dazzling and as interfering as was that reflected from the 
floor, and so the same color scheme was folfowed out, and green 
toweling and green sheets of galatea were provided. The color in 
these however, did not stand the superheated steam in the steriliza- 
tion. They became a dingy gray, I then decided to surround the 
whole operation field with black, as giving a surface from which 
no light whatever could be reflected, using it around all 
wounds, as I had used it around the mouth in cleft-palate 
operations and around the vagina in operations there. I not 
only had sheets and towelings of black, but I had black gowns 
made, and the coverings for the instrument tables were all 
of black, and I found that they were exceedingly satisfactory. The 
only objection I have heard urged against them was the supersti- 
tious fear that people coming up for operation would see this som- 
ber accoutrement and consider it a color of bad omen. This has 
proved to be a groundless fear, for patients who have had work 
done upon them under local anethesia have expressed no objection 
to the black dress of the operator, nurses, and room. 

#In the new hospital, as in the old operating pavilion, there is a 
very decided preference among operators for this green room, as 
against the other operating rooms, which are finished in the conven- 
tional encaustic tiling; and those operators who have taken ad- 
vantage of the whole equipment, and have used the black table 
coverings, towelings and sheets, and the black gowns^ have appre- 
ciated the improved optical conditions which they gave, for the eye 
was not compelled all the while to receive light rays from every 
direction when the only rays it wished to receive or needed were 
those that came from the wound itself. Under ordinary conditions, 
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the eye might be considered as trying to keep out, by pupil contrac- 
tion, all the extraneous light, and at the same time trying to let in, 
by pupil dilation, all it really wished to get from the wound; all 
of which was a definite over strain of the accommodative and visual 
capacities of the eye, which would conduce certainly to nerve 
fatigue and consequently to general fatigue. Indeed, it has not 
been uncommon in this and other hospitals to hear nurses who had 
to spend a good part of the day at their duties in the operating 
room, complain of the eifects of the brilliant white environment. 

I think we should have long ago learned this lesson in optics 
from our co-workers in the laboratories, for no one ever saw in a 
laboratory where the microscope was to be used, white tables, 
benches, and shelving. On the contrary, these are stained a dead 
black; and in this connection it may be mentioned that some years 
ago Dr. George M. Gould, then of Philadelphia, suggested that 
newspapers should be printed in white letters on a black ground, 
for in the present printed page, with black letters on a white 
ground, we see the white ground but not the black letters, and we 
read really from the .shadows of these letters, cast on the retina. 
On a black page with white letters we would see the letters and not 
the page, and while the effect, so far as understanding was con- 
cerned, would not be different, in the one we would be conserving 
eye energy, whereas in the other we would be and are overworking 
the eye unnecessarily. The eye is a long-suffering organ, and we 
are conventional people, resistant to innovations, but whoever takes 
the trouble to study, either theoretically or practically, fatigue in 
its relation to efficiency, will learn that the conservation of energy, 
even in such matters as saving eyework, where that is possible, is 
a valuable consideration, and those of us who have long and diffi- 
cult operative procedures to do will find that this conservation may 
easily be a deciding factor in success or failure of fine, manipula- 
tions. 

We have tried to test light efficiency in the two kinds of rooms by ' 
a test card, such as is used by oculists, put into .ttie bottom of . a 
pasteboard box, which was lined with black. We found that it 
could be read, down to the smallest type, in either room^ but it was 
plain that it was much more comfortable to read it in the green 
room, and that probably is the measure of the room^s value — that 
you can work in it with much greater comfort than you could in a 
room where the optical conditions were more trying. The acme of 
discomfort would be, I should imagine, what I once saw in an east- 
ern hospital, ‘'where the operator ‘ was working in a brilliantly 
lighted, dead white room, and had to wear an electric headlight to 
over illtnninate his field, in.ofd^r to see in spite of the glare. In 
the same room I provided myself with yellow spectacles to put on 
to protect myself from the discomfort of the light. 



CHAPTER XXVIII 


Notes on the Effect of Colored Light Upon Plant 
Growth and Pigmentation 

With a Suggestion Regarding the Precipitation of Paint Pigments 
Under Colored Light 

Noticing the pale appearance of the leaves of a plant 
kept in a room painted and decorated with various shades 
of blue, the writer assumed that the wall color may have 
had some effect upon the development of the chlorophyl 
(coloring matter) * in the plant, since the production and 
continuance of chlorophyl is ordinarily dependent upon 
the action of sunlight (white light). This observation 
suggested an experiment to determine the effect of var- 
ious other colors upon the growth of plant life. Accord- 
ingly a number of potted belladonna l^eedlings were se- 
lected because they were easily obtained of the same rela- 
tive size and in vigorous condition. Potted plants were 
placed under each of a number of large porous paper 
cones of sufficient height and width to prevent interfer- 

•A brief reseiirch has given the following references which may be of 
value to those who care to study the subject of plant etiolation: 

D. P. Gardner: Frorieps Notizen, Vol. 30, No. 11. 

Gardner: London, Edinburgh & Dublin Philosophical Maga- 
zine, 1844. 

Heckel, E.: Du mouvement vegetal. Paris, 1876. Review by 
Pfeffer in Bot. Zeitung, 34:9. 1876. 

Influence of Light and IJfirkness on Plant Development. D. T. 
Macdougal. Memoirs N, Y. Bot. Garden, Vol. II, Jan. 1903. 

Tessier. Experiences propres a develloper les effets de la 
lumiere sur certaines plants. Mem. TAcad. d. Sc. Paris, p. 133, 
1783. 

Smith, J. E. An Introduction to Systematic and Physiological 
Iplotany, pp. 206, 207. 1807. 

Guillemiil, C. M.: Production de la chlorophylle, et direction 
des tiges sous P influence des rayons ultra-violets, calorifiques, et 
lumineux du spectre solaire. Ann. Sc. Nat. IV. 7 : 154. 1867. 

Paul Schmidt — Ueber einige Wirkingen des lichts auf Pflan- 
zen — Univ. zu Breslau, 1870. ,, 

Ward, H. M.: The Action of Light on Bacteria! Proc. Roy. 
Soc. 186:961. 1896. 

Green, J. R.: Action of Light on Diastase and its Biological 
Significance. Proc. Roy. Soc. 188:167. 1897. 

Teodoresco, E. C.: Action indirect de la lumiere sur la tige 
-et les feuilles. Rev. Gen, D. Bot. 11:369, 480, 1899. 
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FIG. 42 

Belladonna Exposed to Influence of (Left) Blue Paint, (Right) Orange 
Paint. 


ence with the growth of the plants. The interior sur- 
faces of each cone were painted with relatively pure 
colors in distemper form, including white, red, orange, 
yellow, green, and a purple tone of solid blue. One set of 
the tests was maintained in the laboratory in a position 
to receive indirect sunlight, and another set' was placed 
on the roof of the laboratory, in direct sunlight. Control 
specimens of the potted plants were also ifi^intained with- 
out the cones. The plants were watered daily' 

Within three days it was noted that some of the 
leaves of the plants tmder the purple tone blue color had 
bleached out to a light yellow. One yellow leaf had 
broken off at the stem. There was marked evidence of 
what might be ealled plant fatigue. When the plants, 
were returned to sunlight,, they were restored to their 
normal; -vigorous condition, the yellow leaves rapidly be- 
coming green again. 

’ tinder the green cones, some yellowing of the leaves " 
was shown, but the plants .were apparently in good physi-- 
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cal condition. The red, yellow and orange colors appar- 
ently had no marked effect either upon the pigmentation 
or growth of the specimens. The plants under the white 
cone were vigorous and of normal color. Some of those 
under the black cones had grown much more rapidly than 
the others and had fully maintained the original green 
color of the leaves. This latter result,, in so far as the 
growth was concerned, was at first attributed to the fact 
that the earth might remain damper for a longer period 
in the pots under the dark cones; the greater resulting 
humidity causing a more continued growth. However, this 
test indicated that illumination is not always necessary 
for the continuance of plant life, and that sunlight is not 
always required to produce or at least maintain the green 
coloring matter. 

Another series of tests were then made in three small 
chambers constructed of wood and provided with means 
for admitting air. The interior of*the chambers was 
painted in red, yellow and purple blue respectively. The 
roof of each chamber, where the light was admitted, was 
covered with colored glass to correspond with the color 



FIG. 43 

Belladonna Exposed to Influence of (Left) Blue Paint and Gla«i (Right) 
Yellow Paint and Glass. 
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of the walls. Belladonna plants in one test and tomato 
plants in another were placed in the chambers for one 
week. The results corresponded to those obtained under 
the paper cones, except that the etiolation was more rapid 
in the case of the purple blue. One plant showing yellow 
leaves was restored to normal condition by removing it 
from the box and placing it near a quartz tube mercury 
light sending forth strongly actinic rays. 

While the experiments outlined above are but of a pre- 
liminary character and cannot be relief upon to indicate 
what might happen with other types of plants under sim- 
ilar conditions, or even the same plants under longer 



, PlG. 44 

Tomato Plant Expoaed to influenco of (Left) Blue (Right) Red Paint and 
Qlait. 
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periods of exposure, they are nevertheless of some in- 
terest as indicating that the color of the interior sash of 
greenhouses might for some plant life preferably be of a 
dark shade instead of white. Possibly a glaze color on 
the glass, or the use of colored glass might also be found 
useful in certain instances. A further study of the sub- 
ject by competent botanists might show that plants hav- 
ing active medicinal, alkaloidal, or aromatic principles 
could be stimulated to produce larger yields. It is possi- 
ble, moreover, that plants yielding oil seeds might be so 
grown as to prevent the development of chlorophyl which 
causes the yellow-green color in drying oils. A water 
white oil might thereby be obtained. 

The above tests also suggested to the writer that 
color environment might influence to some extent the 
shade or tone of pigments precipitated in vessels under 
colored light. Accordingly, triplicate samples of blue and 
of an organic red lake were precipitate*d in colored cham- 
bers roofed with colored glass, and left therein for a 
period of 10 hours before removing to observe the color. 
While the results obtained were not startling, a slight 
diflerence in the tone of some pigmpts precipitated 
under different colored lights was indicated. It is be- 
lieved, however, that a more extended study of this prin- 
ciple might yield information of value to color makers. 
To the lithopone manufacturer there is suggested the pos- 
sibility of lithopone precipitation not only under the in- 
fluence of colored lights but of actinic rays from mercury 
lamps. 
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Metric Equivalents 

The majority of countries use the metric system of 
measurements. Although this system is now practically 
standard in American science,, it has not yet come into 
wide commercial application in this country. In order, 
however, to understand the requirements of South Ameri- 
can and European countries, and to harmonize with their 
standards when required for export trade, it is suggested 
that the following equivalents be studied. There is first 
presented the relative measure of the United States and 
Imperial liquid gallons in comparison with what might be 
tentatively termed a metric gallon equivalent. These 
figured are followed by a table of United States and 
metric systems of weights and measures. 


U. S. liquid gallon 




... 231 cubic inches 

Metric measure 4 liters 




244.16 “ 

British Imperial liquid gallon 




... 277.27 “ “ 

Equivalents in Metric and U. S, Systems of Measure. 

Cubic centimeter 

:r: 

.061 

cubic inch 

Cubic inch 


16.39 

cubic centimeters 

Milliliter 

— 

.0338 

U. S. liquid ounce 

U. S. Liquid ounce 

= 

29.67 

milliliters 

Liter 


1.057 

U. S. liquid quart 

U. S. liquid quart 

= 

.946 

liters 

Liter 

rz 

.2642 . 

U. S. liquid gallon 

U. S. liquid gallon 

= 

3.786 

liters 

Gram * - 


.0363 

avoirdupois ounce 

Avoirdupois ounce 

= 

28.35 

grams 

Gram 

= 

.002206 

avoirdupois pound 

Avoirdupois pound... 

= 

453.6 

grams 

Kilo 

= ■ 

2.206 

avoirdupois pofinds 

Avoirdupois pound 

= 

.4636 

kilo 

Metric ton - 


1.102 

short ton (2,000 lbs.) 

Short ton - 


.907 

metric ton 
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For a fuller understanding of the metric system the 
following table is given : 


TABLE 121 
Length 

10 millimeters 
10 centimeters 
10 decimeters . 

10 meters 

10 dekameters 
10 hectometers 


Mass. 


mm. = 1 centimeter cm. 

= 1 decimeter dm. 

= 1 meter (about 40 inches) m. 

= 1 dekameter dkm. 

= 1 hectometer hm. 

= 1 kilometer (about 5/8 mile) km. 


10 milligrams . 
10 centigrams 
10 decigrams 
10 grams . 

10 dekagrams 
10 hectograms 


mg. = 1 centigram eg. 

.= 1 decigram dg. 

. .= 1 gram (about 15 grains) g: 

. ... = 1 dekagram dkg 

. . . .... = 1 hectogram hg. 


= 1 kilogram (about 2 pounds)... kg. 


Capacity. 


10 milliliters ml. = 

10 centiliters . . ... .. = 

10 deciliters = 

10 liters = 

10 dekaliters = 

10 hectoliters — 


1 centiliter cl. 

1 deciliter - dl. 

1 liter (about 1 quart) 1. 

1 dekaliter dkl. 

1 hectoliter (about a barrel) hi. 

1 kiloliter „..kL 
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CHAPTER XXX 

Spreading Bates of Prepared Paint Products 

In making estimates on the cost of finishing various 
structural surfaces, data should be available as to the 
approximate quantity of paint materials required for the 
work. Since the cost of application is usually several 
times that of the material, the economy of high-grade 
products is apparent, especially when such products show 
as high or even greater spreading values than those of 
inferior quality. 

In the table presented below, there are shown the 
spreading rates of twenty high-grade painting prqducts. 
These products were obtained in prepared form and ap- 
plied under practical conditions to large areas of sur- 
face — on wood, wall board, metal, cement, plaster, or 
brick. In most instances the determinations were made 
for one-, two,- and three-coat work. 

Discussion . — The spreading rate of a paint, enamel, or 
similar coating may be either low or high, according to 
the plasticity (body) and other physical properties shown 
by the product. By extra brushing effort, a paint of good 
opacity may be spread in such a thin film that even three 
coat work will not thoroughly hide a surface. The spread- 
ing rate should, therefore, be the number of s^are feet 
covered by one gallon of the paint so spread tha,t three 
coats will fully hide the surface. In the tests charted 
above, normal brushing conditions were followed, and 
such results obtained. * 

It is of interest to record here some observations re- 
garding the thickness of paint films as measured micro- 
scopically and also as computed theoretically. A paint 
that spreads approximately 900 sq. ft. per gallon will 
produce a* film having a thickness of .0016 inches (six- 
teen ten*thousandths of ah,, inch) ^ or, more graphically, 
1/600 of an inch. A paint that spreads approximately 
650 sq. ft. per gallon will produce a film having a thick- 



TABLE 122 


Spread^g Rates of Prepared Paint Produets 

{Square Feet per Gallon,) 


No. 

Product 1 

Surface 

1 lat 

2nd 

3rd 





Coat Coat Coat 

Av. 



Cedar 

1 841 

920 

906 

1 888 

1 

Prepared Paint (Outside 

Yellow Pine 

11015 

1024 

902 

1 980 


White) 

Cypress 

1 876 

980 

920 

1 925 

2 

Flat Wall Finish (Inte- 

Plaster 

1 321 

1 586 

7351 

1 

I 547 


rior White 

Wall Board 

6951 

837 

944; 

825 

3 

Mill White (Flat) 

Yellow Pine 

780 

821 

999 

779 



Plaster 

450 

672 

814 

645 

4 

Mill White (Gloss) 

Yellow Pine 

862 

904 

920 

895 



Plaster 

558 

1060 

1120 

913 

5 

White Enamel (Gum 

Cedar with 3 






Base) 

coats of 







Primer 

747 



747 



Cedar with 3 





6 

White Enamel (Oil Base) 

coats of • 







Primer 

11083 



1083 

7 

Concrete Coating 

1 

Concrete 

1 

247 

j 

466 

1 

566 

426 


1 (White) 

1 





8 

I Brick Coater 

Brick 

462 

620 

880 

654 

9 

1 

Metal Paint (Red Oxide 







Base) 1 

1 

Black Iron 

1247 

1072 

1170 

1163 

10 

1 

Red Lead (Prepared 







1 Form) 

1 

Black Iron 

1095 

1055 

1116 

1088 

11 

1 Aluminum Enamel 

1 

Black Iron 

112881 

1 

870 

9621 

1 1 

[1040 

12 

1 1 

[ Auto Finish (Black) 

1 

{Black Iron 

1 ' 

1 ' 





with 2 coats 1 

1 


1 




‘ of Primer 

1 874 

1 



13 

Exterior Spar Varnish 

r 

Oak 1 

1 

' 847 

' 9141 

j 

10921 

1 

1 874 
951 


Interior Finish Varnish 

1 

Oak 

632 

7741 

7911 

1 

732 

15 

1 

White Shellac I 

1 

Oak 

1 6321 

1 

7261 

! 1 

1 678 

16 

1 

Orange Shellac I 

Oak 

1 1 

8031 

1 

7911 

! i 

797 

17 

Varnish Stain (Oak 1 



1 

1 



Finish) | 

Oak 

•f>8l| 

.-i 

1 

681 

18 

Oil Stain (Oak Finish) | 

Oak 

626 1 

1 

1 

626 

19 

Floor Varnish J 

Oak 

1 834 1 

1053 

1032 

973 


1 

Linoleum 

1184 1 



1184 

20 1 

Floor Paint (Gray) I 

Yellow Pine 1 

882 11236 11308 11142 
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ness of .0025 inches (twenty-five ten-thousandths of an 
inch), or 1/400 of an inch. 

The character of surface has a vital effect in determin- 
ing the spreading rate of a painting product. For in- 
stance, the first and second coats on plaster, brick,, or 
cement are usually low on account of the porosity of these 
materials. After the porous surface is well filled, how- 
ever, additional coats are of the normal spreading rate 
shown on many other surfaces. On wood, the spreading 
rate will vary with the density of grain and resinous 
character of the species. Woods presenting a hard, res- 
inous surface absorb but little paint, while those that are 
soft and relatively free from resins or oils show high ab- 
sorption. Very high-spreading rates are obtaining with 
the first coat of p^int applied to the dense, smooth sur- 
faces of iron and steel sheets. The second coat usually 
shows a slightly lower figure than the first. This is due 
to the fact that primer paint films may not be as smooth 
as the bare metal. The second coat being built up, how- 
over, affords a smooth area for the third coat which 
usually shows a high spreading rate. 

The percentage and character of solids or pigments in 
R paint constitute additional factors which have a deter- 
mining influence on the spreading rate of the product. 
Fine fume pigments (carbon black, zinc oxide, basic sul- 
fate white lead, leaded zinc) give thin films, chemically 
manufactured or precipitated pigments (basic carbopate 
white lead and lithopone) present films of ftiedium thick- 
ness; crystalline and earth pigments (barytes, silica 
china clay, ochre) shpw relatively thick films. Paints 
containing a large amount of pigment cover a limited 
area. Those containing a medium amount spread over 
a much greater area. The latter type are therefore more 
economical provided they are sufficiently opaque. For 
the above reason, paints that are very heavy are not to be 
considered as surperigr to those of lower weight per 
gallon, provided they do not hide a surface in two or three 
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coats any better than the lower weight paint,, and further 
provided that the durability on exposure of the two is the 
same. Economy in weight means economy in freight and 
effort of application. 

It is of special interest to contrast the spreading rates 
shown by the modern type of white enamel made with 
heat-treated oils (1083 square feet per gallon) to that of 
the old type enamel made on a gum base (747 square feet 
per gallon). The much greater spreading power of the 
former, its superior degree of whiteness, and its excel- 
lent flowing and brushing qualities are features which 
have brought it into universal use. 

It is of further interest to note that paints made on a 
varnish base, such as mill whites, floor paints, etc., are 
now compounded so that they may be spread over prac- 
tically the same areas as those made with raw oil. This is 
an accomplishment of the paint industry that deserves 
special attention, since varnish paints are being more 
generally adopted for certain special purposes where here- 
tofore oil paints have been in use. 
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CHAPTER XXXI 


A Study of the Practicability of Spray Painting 

The war placed such great demands upon the painting 
industry that it was found necessary to utilize every 
means to accomplish the huge painting program that de- 
veloped. The shortage of men capable of wielding 
brushes soon became apparent and the great speed de- 
manded in production developed as a vital factor. As a 
result, the steel hulls of many vessels, the rough siding of 
many temporary buildings, and the surfaces of thousands 



FIQ. 45 

{ipray f^alntlng the Brick Walle of a Factory 

of guns, tractors, and <ither military equipment were coat- 
ed by the spray machine. ^ Because of the speed obtained 
through the use of this device for preserving or camou- 
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flaging materials of warfare, attempts have been made 
* to develop it for peace time painting purposes. To many 
observers the question has come as to whether the ma- 
chine is of sufficient practical value to merit a permanent 
place in the art of painting and whether it will to any 
extent replace the old-time hand paint brush. 

Some observers have stated that hand-brush manufac- 
turers cannot produce sufficient brushes to apply the 
paint for which such great demands exist. While the ap- 
parent shortage of bristles might to some extent be held 
responsible for such a situation, it has been suggested 
that even though bristles were as plentiful as at any time 
previous to the war, it would be difficult for manufactur- 
ers to produce an over-abundance of brushes for coming 
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Factory Ceiling 
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needs, and that the brush industry could not therefore be 
injured through the development of the spray-painting 
machine. 

Similarly it has been advanced that the occupation of 
the journeyman painter could not in any way be injured 
by the adoption of spray painting for certain special 
classes of work, since it is often impossible to obtain 
sufficient labor to apply the paint for which such enor- 
mously increased demands exist. Furthermore, it has 
been claimed that unless some means is provided for at 
least partially relieving the situation, millions of dollars 
of loss may result from the surface decay that will take 
place on unpainted structures. It is undoubtedly true 
that painting was neglected to such an extent during the 
war period that immediate action must now be taken to 
preserve the prop6rty that will otherwise be damaged if 
longer left unpainted. This means that during coming 
years an even greater demand will develop for paint and 
varnish products. Any legitimate and satisfactory 
means for the application of these products should there- 
fore be welcomed not only by the master painter but by 
the journeyman painter and the public. The use, for 
instance, of the spray machine (if found practicable) 
will not only be of service to the property owner but will 
actually stimulate the employment of and demand for 
painting labor. To make this more clear, it, has been 
suggested that a comparison of the situatibn be drawn 
with the effect of the sewing machine upon the tailoring 
industry. The journeyman tailor undoub'tedly. at first 
looked askance at the development of such a machine. 
It was soon found, however, that this machine created 
an almost entirely new industry in the production of 
ready-made clothing. The availability of these pro- 
ducts at once effected ,<a great demand and increased 
usage. As 'a result, thousands of operators were- re- 
quired where but hundreds were employed before. 

It is believed, therefore; that any device that creates 
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FIG. 47 

Cement Stucco 


new business in new fields is to be given the hearty sup- 
port of all, if found to be of a practical nature. Whether 
or not the machine will prove useful will depend upon the 
results obtained by the painter during the coming period 
of great activity in his trade. He may, for instance, find 
it well suited for certain classes of work and unsatisfac- 
tory for other kinds. 

Some observations made by the writer on tests with 
the spray painting machine may be of interest in judging 
of its possible usefulness. The tests described below were 
made on large surfaces with both hand brusKes and spray 
machines. After a sufficient period of exposure, data 
will be available as to the comparative durability of each 
type of work. 
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FIG. 48 

Steel GIrdere of Elevated Railway 
Spray Paint Tests at Washington. 

The tests referred to were made in Washinjrt^^n on gov- 
ernment buildings by a competent painter. The machine 
used in the experiments consisted of a 4 H. P. motor, a 
large air tank, and a 5-gallon paint tank. It required 
220-volt direct current For the roof work the paint tank 
was hoisted to the roof and two hose leaders were carried 
from the air tank located on the ground. Two operators 
could work at the same time with the paint tank which 
was fitted with tv^o spray guns. 

For ^ exterior work an experienced spray brush 
operator aterted the work dn one aide of the building, and 
two Journeymen with hand brushes started the 
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FIG. 49 

Bail Park Pavilion 

work on the other side, which was a duplicate in size, 
shape and construction of the side selected for the spray 
test. After the work had been started a journeyman 
painter entirely unfamiliar with the use of the spray 
gun was shown how to operate it. He completed the 
tests, including the walls and roof area. It was ap- 
parent that a very short period of time was required to 
instruct a man to use a spray gun. The tests were of 
good size and included on the side walls an area of over 
8,000 feet and on the roof an area of ^nearly 9,000 feet. 

The paint used for the exterior wall worlf was a lead 
paint tinted with ochre, weighing 17.6 lbs. per gallon for 
the first coat and 20 lbs. per gallon for the second coat. 
Both paints were easily handled by the spray gun. The 
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paint used on the roof was an oxide of iron paint weigh- 
ing about 14 lbs. per gallon. The paint used for the in- 
terior work was a modem sanitary flat wall paint of the 
lithopone type, weighing 14 lbs. per gallon. It was ap- 
parent that the spray gun would successfully handle 
paint of practically any weight per gallon. 

In doing the first coat on the exterior brick walls, all 
cornices and trim were cut in with the spray on the side 
of the building where the spray test was made. On the 
second coat,, however, the cornices were cut in by hand 
with a brush, in order to assure a neat job. The time of 
the brush work was counted in as spray-gun time. 

It has previously been assumed that the average jour- 
neyman painter, working on wall surfaces and using a 
hand paint-brush ^would do about 200 square feet an 
hour, or about 250 square feet an hour on roof work. 
It will be noted in the attached tables that apparently 
much greater speed was attained in the hand-brush 
work. It is assumed that this was due to the great in- 
terest of the painters in the test. 
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Observation of the completed work showed that prac- 
tically no difference in the appearance of the spray and 
the hand-brush work existed, with the exception that the 
spray work was slightly more opaque. The painters in 
applying the paint by hand with 41/2-inch brushes used 
drop cloths at the base of their work, whereas no drop 
cloths were used by the spray workmen. There was ap- 
parently little paint failing to the ground, the only loss 
being in the form of a fine mist. On a damp day this 
mist, of course, would be greatly intensified due to the 
presence of the volatile constituents of the thinner. This 
mist would lead an observer to believe that considerable 
paint was being lost, whereas, as a matter of fact, only 
a very little quantity of paint was being dissipated as 
and the effect was largely optical. On the interior work, 
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mist. The mist was of a somewhat colloidal character 
however^ a noticeable difference was shown. The mist 
in the room where the paint was being applied by spray 
guns was very noticeable. Drop cloths were required 
on the floors in order to prevent staining. Painters em- 
ployed for continuous periods on interior spray work 
might to advantage wear a simple form of respirator. 
The roof work was, of course, subjected to strong cur- 
rents of air, but there was apparently no very large loss 
of paint. It was observed, however, that the overalls 
of the painters using the spray gun became somewhat 
more soiled than where hand-brush work was being 
done. 

On the interior tests, one room was done by two paint- 



FIG. 52 

Frame Dwelling 
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ers with hand brushes and two rooms with the spray 
gun by one operator. The rooms faced a courtyard in 
which the machine was placed with hose leaders running 
up to the work. The ceilings of the rooms were arched, 
four arches meeting in the centre of each. This 
made the painting rather difficult by hand but very much 
easier for spray work. The side walls had four project- 
ing columns, one at each corner, and between the tops of 
these columns and the arched ceiling there was a heavy 
scroll cornice. Each room also had a fireplace and chim- 
ney breast and large recessed combination windows. The 
hand work was somewhat marred by streaks and the 
covering was poor. The spray work was greatly su- 
perior. A very much heavier coating of paint was ap- 
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parently applied. It was necessary to put on two coata 
of. paint by the hand brush in some instances in order 
to get satisfactory covering. 

Information gathered from some of the journeymen 
painters indicate that they are not averse to the use of 
the spray gun after they become acquainted with it. In 
fact, the painters showed less fatigue at night than when 
using hand brushes. Some were therefore enthusiastic 
about its use. 
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TABLE 123 
EXTERIOR WORK 
Previously Painted Metal Roof 


Area of Surface Paint Used Time 1 Man 
Square Feet Gallons Hours 

Spraying 678 1.49 .5 (%) 

Brushing 578 1.36 1.6 (!%> 

Results Calculated to lOjOOO Sq, Ft. 

Spraying - 10,000 26.8 8.6 

Brushing 10,000 23.3 25.9 


Comparative Cost of 10,000 Square Feet of Work 

Spraying 25.8 gallons Paint at $4.00 $103.20' 

8.6 hours Labor at .90 7.74 


$110.94 

Brushing 23.3 gallons Paint at $4.00 $93.20 

25.9 hours Labor at .90 23.31 


$116.61 

SPRAYING REQUIRES APPROXIMATELY 10% MORE 
PAINT THAN BRUSHING. 

BRUSHING REQUIRES APPROXIMATELY 200% MORE 
LABOR THAN SPRAYING. 
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TABLE 124 
EXTERIOR WORK 

Previously Painted Brick Walls and Stone Comice 


Area of Surface Paint Used Time 1 Man 
Square Feet Gallons Hours 

Spraying 8,364 10.8 20. 

Brushing 8,188 9.87 41. 

Results Calculated to 10,000 Sq. Ft. 

Spraying - 10,000 12.90 23.9 

Brushing 10,000 12.05 60. 


Comparative Cost of 10,000 Square Feet of Work 

Spraying 12.90 gallons Paint at $4.00... $61.60 

23.9 hours Labor at .90 21.61 


$73.11 

Brushing 12,06 gallons Paint at $4.00 - $48.20 

60. hours Labor at .90. — 46.00 


$93.20 

SPRAYING REQUIRED APPROXIMATELY 7% MORE 
PAINT THAN BRUSHING. 

BRUSHING REQUIRED APPROXIMATELY 109% MORE 
LABOR THAN SPRAYING. 
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TABLE 125 
INTERIOR WORK 

Combined Ceilings and Walls of Plaster 

Area of Surface Paint Used Time 1 Man 
Square Feet Gallons Hours 

Spraying 2,600 6.39 5.33 (6 1/3) 

Brushing 1,000 1.76 6.33 (5 1/3) 

Results Calculated to 10,000 Sq. Ft. 

Spraying 10,000 24.6 20.5 

Brushing 10,000 17.6 68.3 

Comparative Cost for 10,000 Square Feet of Work 

Spraying 24.5 gallons Paint at $4.00 $98.00 

20.5 hours Labor at .90 ... 18.45 

$116.46 

Brushing 17.6 gallons Paint at $4.00 $70.00 

63.3 hours Labor at .90 47.97 

$117.97 

SPRAYING REQUIRED APPROXIMATELY 40% MORE 
PAINT THAN BRUSHING BUT GAVE QUITE GOOD HIDING 
IN ONE COAT. 

BRUSHING REQUIRED APPROXIMATELY 160% MORE 
LABOR THAN SPRAYING AND GAVE POOR HIDING IN 
ONE COAT. 
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OTHER TESTS 

There are given herewith the results of some carefully * 
conducted tests made by a manufacturer of a prom- 
inent spray machine. The tests were made on several 
different types of surfaces, most of which were new, by 
two operators versed in the use of the apparatus. The 
time given on all interior work, with one exception noted, 
included time employed in mixing paint, filling tanks, car- 
ing for engine, placing scaffolding and cleaning up. No 
helpers were employed. 

Interior Walls and Ceiling (2 Coats) 

Character of Surface Rough brick walls. Beamed 

ceiling. Unpainted. 

Area (Square Feet) Ceilings 18,876. Sidewalls and 

posts 6,764, or total of 49,- 
, 280 square feet of paint ap- 

plied in the two coats. 

Type of Paint Blank R Undercoat — then 

Blank R Mill White. 

Gallons Required 176 

Spreading Rate per Gal. (Sq. Ft.) ..,281 average each coat. 

Time Required (Hours) 63 

Square Feet Coated per Hour. 780 each coat. 

Ceiling (1 Coat) 

Character of Surface..- - -Rough beamed ceiling — un- 

painted. 

Area (Square Feet) 12,868 

Type of Paint — - Blank D 1 coat made of 2/8 

undercoat and 1/8 enamel. 

Gallons Required- - 63 ’ 

Spreading Rate per Gal. (Sq. Ft.) 204 

Time Required (Hours) 44 

Square Feet Coated per Hour— 292 

Stock Room {1 Coat) 

Character of Surface...! Rough beamed ceiling and 

joists— unpainted. 

Area (Square Feet) 6,390 

Type of Paint Blank D 1 coat made of 2/8 

. ' undercoat and 1/3 c^namel. 

Gallons Inquired—., 23 

Spreading Rate per Gal., (Sq. Ft.) 278 

Time Required (Hours) 10 

Square Feet Coated per Hour^. ^ 639 
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Stock Room {1 Coat), 

Character of Surface . 

-.Rough brick sidewalls— un- 


painted. 

Area (Square Feet) 

-.4,470 

Type of Paint 

.....Blank A — 1 coat made of % 


undercoat and % enamel. 

Gallons Required 

.... 25 

Spreading Rate per Gal. (Sq. Ft.). 

-179 

Time Required (Hours) 

..... 9 

Square Feet Coated per Hour 

....496 

Shipping Room (1 Coat) 

Character of Surface 

Smooth board ceiling — un- 


painted. 

Area (Square Feet) 

1,272 

Type of Paint 

.....Blank R-A 1 coat made of 2/8 


undercoat and 1/3 enamel. 

Gallons Required 

....4 

Spreading Rate per Gal. (Sq. Ft.). 

..318 

Time Required (Hours) 

..... 3 

Square Feet Coated per Hour. 

.....424 


Shipping Room {1 Coat) 

Character of Surface Rough brick sidewalls — un- 

painted. 

Area (Square Feet) ..2,772 

Type of Paint Blank R-A 1 coat made of 2/3 

undercoat and 1/3 enamel. 

Gallons Required 12 

Spreading Rate per Gal. (Sq. Ft,). ..231 

Time Required (Hours) 6 

Square Feet Coated per Hour 462 

Interior Plaster Wall 

Character of Surface - New plaster on wall and ceil- 

0 ing of house. Wall first 

sized with glue. 

Area (Square Feet) Not given. 

Type of Paint Blank L Sanitary Finish Oil 

Type. 

Gallonp Required 

Spreading Rate per Gal. (Sq. Ft.) — 1,000 (over sized wall.) 

Time Required (Hours) Not given. 

Square Feet Coated per Hour — 1,030 each coat, not including 

mixing or filling paint. 
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Exterior {1 Coat) 

Character of Surface Exterior rough brick wall — 

unpainted. 

Area (Square Feet) 9,120 

Type of Paints Blank P Cement Coater 

Gallons Required 41 

Spreading Rate per Gal. (Sq. Ft.) 222 

Time Required (Hours) 29 

Square Feet Coated per Hour... ...-314 (including time of moving 

scaffolding and mixing- 
paint) 

Exterior {1 Coat) 


Character of Surface ..Old rough brick walls — un- 

painted. 

Area (Square Feet) .-12,000 

Type of Paint Blank Q water mixed kalso- 

mine type coating. 

Gallons Required 650 pounds dry kalsomine type- 

coating. 

Time Required (Hours) 22 

Square Feet Coated per Hour -646 

New Lumber Shed (1 Coat) 

Character of Surface ...Box siding, rough wood (new) - 

Area (Square Feet) 6,000 

Type of Paint Blank L. 0. 

Gallons Required T.. 39 

Spreading Rate per Gal. (Sq. Ft.) -...164 

Time Required (Hours) 8 

Square feet Coated per Hour. 760 

Wood House {Old) 2 Coats 

Character of Surface -.Very poor surface. Previously 

painted. Cleaning necessary. 

Area (Square Feet) 6,626, including trim and 

. "" shingles. 

Type of 4!aint. — .’.....--Blank L. 0. 

Gallons Required 26 

Spreading Rate per Gal. (Sq.iPt) — 522 average each coat. 

Time Required (Hours) - 95 
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New Shingle Roof on House 

Character of Surface New shingles. 

Area (Square Feet) 1,800 

Type of Paint Blank X shingle stain. 

Gallons Required 8 

Spreading Rate per Gal. (Sq. Ft.) — 162 

Time Required (Hours) 3 

Square feet Coated per Hour 433 

Aeroplane Hangar 

Character of Surface — New wood — ^unpainted. No 

windows. 

Area (Square Feet) -.6,500 

Type of Paint Blank U. S. Hangar Paint. 

Gallons Required „..„Not given. 

Spreading Rate per Gal. (Sq. Ft.)— (Not obtained.) 

Time Required (Hours) 9 

Square Feet Coated per Hour. „722, with one laborer as 

helper. 
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The Preservative Function of Paint and Varnish* 

The decay of structural materials is rapid. The micro- 
scope will record the initial start of such decay even 
after 24 hours^ exposure of some building products. The 
naked eye is sufficiently strong to perceive the erosion 
often evidenced in a few weeks. Those materials that 
show relatively slow decay, almost invariably present at 
first,, or later assume, a gloomy color that is objection- 



FIG. 54 

Photograph , of Uncoated Steel Showing Corrosion 

able from several standpoints. It is therefo^ apparent 
that surface protection through paint or varnish appli- 
cation is quite as important as sound engineering or 
design. 

The photographic reproductions ^presented herein il- 
lustrate clearly the necessity of providing protection from 
the elements or from surface wear. Some of the newer 
uses for paint and varnish are also discussed. It is be- 
lieved that^ not 6hly the master painter, but all people 
who have to do with the upkeep of public or private prop- 
erty, may find something pf interest in the discussion. 

^The cost of a coat of paint or varnish may average a few pennies per 
square foot. The annual decay loss per square foot of surface on many 
unpainted surfaces may reach several thnes the cost of painting. 
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FIG. 55 

Photograph of Uncoated Wood (Magnified) 



FIG. 56 

Photograph of Varnished Wood (Magnified) 
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FIG. 57 

Photograph of Floor Covering Showing Abrasion of Printed Design 



FIG. 68 

Photograph of Linoleum (Magnified) 
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A microscopic view of even the dressed lumber that 
is used for interior trim in buildings, for musical in- 
struments and cabinet work, for automobile or yacht 
construction, will show the deep channel like grain of 
the wood fibre. When varnish is applied, the pores are 
filled up and a smooth water repelling, wear resisting 
surface results. The beauty of the grain and coloring 
of the wood is at the same time greatly enhanced. 

The printed designs on some types of floor coverings 
wear off as a result of foot abrasion. The unsightly 
dark colored base may then be exposed. Occasional 
coats of varnish prevent this defect. Even high grade 
inlaid linoleum is improved and given greater longevity 
when varnished. The surfaces of all types of floors or 
floor coverings may be beautified and made dirt and 
water resisting with floor varnishes. 
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F|4G. 59 

Photograph of Briok Surface (Magnified) 



FIQ. 60 

Photograph of Brick Section (Magnified) 

Building brick may absorb from 10 to 16% of water. 
If a brick building should be subjected to constant rain 
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FIG. 61 

Photograph of Uncoated Steel (Magnified) 

for several days it is conceivable that many tons of 
water would be absorbed. Dampness might then pre- 
vail within the building and in cold weather the tonnage 
of coal required to heat the interior would probably be 
greatly increased. The application of paint to brick, 
fills up the pores and produces a water resisting film. 
The use of white or light tinted paints improves the ap- 
pearance of the structure and gives sufficient light re- 
flection to the airways to repay for the expense of paint- 
ing. 

The almost universal custom of painting the interior 
brick walls of factories is now being extended to cover 
^e exterior walls as well. Many gloomy appearing 
orick residences are also being transformed by exterior 
painting. 

Metal surfaces may appear smooth to 'the naked eye 
but under the miscroscope they often evidence a rough, 
porous condition. On many metals, this condition is re- 
sponsible for moisture retention and subsequent corro- 
sion. Such metals as iron and steel demand immediate 
protection to prevent rust accumulation. The loss suf- 
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TIQ. 63 

l^hotograph of Unooated Comont Structure. After Expoeure 
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FIG. 64 

Photograph of Painted Cement Structure. After Exposure 



FIG. 65 


Photograph of Uncoated Cement Stucco After Exposure 
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FiQ. 66. 

Photograph of Painted Cement Stucco After Exposure 
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Cement or stucco invariably present a rough sur- 
* face. Water absorption is rapid. Dust and soot accu* 
inulation is marked, especially in industrial communi- 
ties. All these defects may be prevented by paint ap- 
plication. It is safe to state that the value of any 
cement building may be increased from 10 to 20% by 
the use of a pore filling, water resisting paint. Dust 
adherence then becomes minimized. Cement structures 
are almost invariably painted when appearance is a 
consideration. 



FIG. 68 

Photograph of Uncoated Wood. Taken After Exposure to Weather 


A wood panel one-half of an inch thick, when exposed 
to moisture, may gain 10 ounces per square yard in a 
week. When exposed to water it may gain 50 ounces. 
Moisture absorption,, checking, fungus growth and fibre 
abrasion may take place on uncoated wood. VJ^hen coated 
with ^aint, the moisture absorption is reduced to a negli- 
gible quantity and the surface is preserved from attack. 
Wood lasts indefinitely if kept well painted. 
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FIG. 69 

Photograph of Uncoated Wood. Taken After Exposure to Weather 
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FIG. 71 

Photograph of Wall Paper (Magnified) 


Wall paper is fibrous and absorbent. It may retain 
moisture and dust. Paints are therefore generally pre- 
ferred for wall decoration. On existing papered walls, 
paints may be applied direct to the paper if desired. A 
smooth, washable surface of any color may thus be pro- 
duced. 
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Paints for the Home 

The following information regarding paints for the 
home is presented in a popular fashion in order to ac- 
•quaint the average home-owner with some of the general 
principles involved in painting and varnishing : 

An inquiry made a few years ago in the Middle West 
States as to the value of paint upon farm buildings de- 
veloped the information that bankers would lend from 5 
to 50 per cent more on land where farm buildings were 
well painted and kept in good condition than on land 
where they were not. It was maintained that the painted 
buildings were an indication of thrift, and that a thrifty 
farmer was a good client to whom money could be safely 
loaned ; whereas the farmer who allowed his buildings to 
remain in a bad state of repair, through the lack of paint, 
showed indication that he was slo# pay and of poor 
rating. 

It developed that in practically every instance where 
the buildings on a farm had been repaired when necessary 
and given proper paint protection, the valuation of the 
farm immediately increased at least 20 per cent, virhereas 
the cost of making repairs and painting in many instances 
was probably not over 5 to 8 per cent. 

Selection and Wearing Properties of Paint 

The serviceability of any paint should be judged by 
the surface which it leaves for repainting after a period 
of from four tq five years, as well as the durability of the 
repainting job. It has been found, for instance, that in- 
ferior ahd cheap paints will crack, check and scale to a 
rough surface. Such defects show through successively 
applied paint coatings, seriously affecting their strength 
and distracting from the b<^uty of the job. 
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On the other hand, high-grade paints weather grad- 
ually without showing marked defects, and when repaint- 
ing time comes they present a uniform surface which will 
absorb and amalgamate with the freshly applied paint. 
Such paints show under the widest range of conditions 
good hiding power, adhesiveness, freedom from internal 
strains, permanency of color, water resistance and elas- 
ticity. 

White lead, the oldest and perhaps the most widely 
used of all white pigments, is admirably adapted as a 
painting material, presenting a highly opaque surface 
when ground in oil, in which form it is the base of paste 
paints that may be used by the painter. Another pig- 
ment that has proved of great value is zinc oxide, the 
use of which may be said to have almost revolutionized 
the paint industry. This pigment is of great whiteness, 
fineness and possessed of excellent hiding power. 

In the manufacture of the highest-grade prepared 
paints the above referred to metallic pigments, in a finely 
'divided form, are thoroughly ground with linseed oil and 
mixed with a moderate amount of drier and thinner, sub- 
sequently being colored with the necessary color pig- 
ments to give the desired tint or shade. These paints 
usually contain from about 62 to 66 per cent of pigment, 
the balance being liquids. The liquid is usually 90 per 
■cent of linseed oil and 10 per cent of turpentine or similar 
thinner and drier. 

For the darker shades and solid colors, many earth 
pigments are used in large quantity, such as red oxide of 
^ron, ocher, sienna, umber, and so forth. Linseed-oil 
paints made with these pigments have also proved very 
•durable upon exposure. The latter class, of paints, how- 
wer, is used most widely upon barns and outbuildings 
and for metal work. 

Effect of Different Climates 

A careful study has been made of the effect of various 
•climates upon paints. Immense test structures have been 
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erected for this purpose in many parts of the United 
States where the prevailing weather conditions were of a 
markedly different nature. In general these tests have 
demonstrated the fact that the summer months cause 
more rapid wearing of paints than the winter months, 
and that the side of a dwelling facing the sun and the 
strong prevailing winds is more rapidly affected than 
the other sides. 

Most careful studies of hundreds of different pigments 
and oil mixtures have been made, and while it is true that 
some may show a very slight superiority in some regions, 
the general conclusion from all the tests shows that a 
high-grade paint will give satisfactory results under all 
conditions of climate, whether in the coastal region, in the 
mountains, or on tlfe plains. 

What Color to Use and How Many Coats 

Property owners should bear in mind the fact that 
more durable results are obtained with tinted paints than 
with white paints. Permanent coloring materials ground 
into a white-paint base have the effect of preventing 
chalking and checking, and thus increase the longevity of 
the paint. 

One of the many lessons that have been learned from 
extended tests is the superior painting results obtained 
with three coats rather than with two coats-*of paint. 
Two coats are insufficient to give proper protection to new 
wood, and on the best types of work four^ coats are ap- 
plied. For repainting work, while two coats are* usually 
sufficient, some people .believe that the cost of an addi- 
tional coat of paint is not an expense but a saving in the 
end, for the repainting period is thereby considerably 
postponed. 


When to Paint 

Springtime means cJeaa-up and naturally paint-up 
time, and it is probable that most painting is done in the 
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early months of the year. However, the dry period dur- 
4ng the fall months is said to be the best time for painting, 
as the house is given protection for the trying period of 
the ensuing winter. As a matter of fact, however, the 
time to paint is just before the surface requires painting, 
regardless of season, provided the weather is clear. Paint 
applied during rainy weather does not give the service to 
be expected when it is applied during dry weather. 


Kind and Treatment of Lumber 

Many inquiries have come to the writer respecting the 
durability of various types of wood for building purposes, 
and answer has generally been made to the effect that 
lumber used for dwellings will last indefinitely if kept well 
painted. 

Striking illustrations of the truth of this statement 
are afforded by the excellent condition of those century- 
old Colonial dwellings which have been properly cared 
for. Such structures may be found in every one of the 
states comprising the thirteen original colonies, but are 
most common throughout New England, to whose shores 
in the sixteenth century came many of the most skilled 
woodworkers, decorators and other artisans of the mother 
country. Since many kinds of lumber are represented in 
these structures, the durability of painted wood is well 
known by observing their condition. 

Many claims are now made for the durability of par- 
ticular types of wood, such as cypress and California red- 
wood. Some enthusiastic producers have even stated 
^t their woods need no paint. While it is universally 
recognized that there are many examples of the longevity 
of these and other species of American woods, people 
would look askance at the dwelling that •was left un- 
painted. 

The^ modern desire for community betterment de- 
mands sesthetic surroundings and properly decorated 
homes. As a matter of fact, however, any type of wood 
that is left unpainted will soon become eroded by the 
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weather, spotted with fungus growth and made heavy by 
the large quantities of moisture that are absorbed. Any 
species of unpainted wood will darken, warp and become 
fuzzy and damp. 

Paint acts as a wood preservative because it closes 
the openings in the wood, preventing the entrance of 
decay-producing organisms. Thoroughly seasoned wood 
will last indefinitely if kept well painted. 

The particular locality in which structures are built 
often has a bearing upon the type of lumber that is se- 
lected, and while it is true that the painting of each type 
of wood demands the special consideration of the painter, 
the writer has found that a high-grade paint is well 
suited for the preservation of every kind of wood, pro- 
vided the paint is properly treated in the hands of an in- 
telligent workman who can produce lasting results on al- 
most every type and in every climate. 

Exterior siding of some grades of wood shows the ef- 
fect of rosin, contained in the knots, which during hot 
weather bleeds through the paint, disrupting the film and 
causing an unsightly condition. This defect is not pre- 
vented by the application of shellac to the knots previous 
to painting, but by proper manipulation of the priming 
coat of paint, which is referred to below. 

One of the chief requisites to a successful job of paint- 
ing is well-seasoned lumber. Such lumber^ is not only 
stronger,, but in a much more receptive, condition for 
paint. Paints which are defective in elacticity are af- 
fected by the volume changes taking place in partly sea- 
soned lumber, and cracking may occur. 


General Rules for Exterior Work 

Some general rules on painting the exterior of ^dwell- 
ings are'^ven here: 

No paint or other finishing material should be applied 
in damp weather. 
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The interior plaster work of a new structure should 
be allowed to dry thoroughly before applying paint to the 
exterior of a building, as the water drawn out through 
the wood might cause blistering. 

The surface of the wood must be free from moisture. 

Weathering of some types of wood previous to the ap- 
plication of the second and third coats of paint is some- 
times advisable in order to allow thorough seasoning and 
drying out. 

If the wood has been previously painted, all old, loose 
paint that may sometimes be observed should be removed 
with a wire brush. 

If the wood has not been previously painted, all knots 
and sap streaks should be brush-coafed with turpentine 
not more than one hour previous to the application of the 
first coat of paint. Never use shellac for coating knots. 

Priming Coat . — Never use ocher as a priming coat. 
Serious results are bound to follow. A high-grade pre- 
pared lead-and-zinc paint made by a reputable manufac- 
turer should be selected. To one gallon of paint there 
should be added from two to three pints of turpentine or 
benzol. The thoroughly stirred mixture should then be 
applied and allowed to dry to a hard undercoating which 
is the foundation of painting success. A drying period 
of a week should be allowed if possible. 

The paint will penetrate deeply into the wood and pro- 
vide a permanent foundation for the subsequent coats. 

^ Second and Third Coats . — When the priming coat is 
thoroughly dry, close all nail holes and other imperfections 
in the wood with a good grade of putty. ^ This should be 
followed by the application of the second coat of paint, 
which may be used as it comes from the can. ^ If the paint 
is thought to be too heavy, a pint of turpentine to the gal- 
lon of paint may be used for thinning. After a suitable 
drying period the third coat may be applied, using the 
paint as it comes from the can without reduction. 
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Paints for Shingle Roofs 

When mineral paints are applied to shingle roofs, they 
dry to a durable, water-proof film that has the effect of 
smoothing the rough, fuzzy surface of the wood, thus 
eliminating at once an important fire hazard. A shingled 
dwelling upon which paint has been used is rain-proof. 
It is, moreover, made very attractive in appearance. 

Another important function is performed by the paint 
in preventing the warping of the shingles at the edges, 
thus doing away with the formation of pockets in which 
hot cinders might lodge and burn. 

Another characteristic is the resistance of the paint to 
fire. Although the oil content is more or less inflam- 
mable, there is present in the dried film only a minor por- 
tion of oil, the major portion consisting of metallic pig- 
ments which are unaffected by fire. A hot cinder or spark 
falling upon a shingled roof properly treated with paint 
would in most instances roll from the roof to the ground, 
as there would be no pockets in which to lodge and burn. 

The best results are obtained by brush-coating or dip- 
ping new shingles. After drying, they are laid and should 
then be given an additional brush-coating of paint. Some 
shingle manufacturers are putting the priming coat on at 
the mill, which process is much to be preferred. 

Shingle roofs treated as above outlined are ^ally more 
fire-resistant than many other types. Because of their* 
low weight and heat-reflecting properties,, painted shingles 
are often preferred to heavier types of roofing. Old shin- 
gle roofs may also be painted or stained after they have 
become thoroughly dry. The most suitable paints for 
shingles are those especially made for the purpose and 
containing asbestine and other mineral pigments that are 
not reducilfle to metals, ground in linseed oil, thinner and 
drier. 

Shingle stains are also widely used for their preserva- 
tive qualities and decorative effects. They are generally 
prepared of high-grade creosote admixed with tinting 
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colors ground in oil. Soft and pleasing finishes are ob- 
* tained with such stains, especially upon the shingle sides 
of bungalows. 

Paints for Concrete and Stucco 

The scarcity of other building materials in some com- 
munities has led to the use of Portland cement in enor- 
mous quantities. Its general availability, combined with 
its adaptability to the principle of reenforcement, has de- 
veloped for this material many new applications in the 
building world. Throughout the country its use is seen 
in the construction of dwellings, factories, silos, culverts, 
tanks, posts, barns, creameries, and so forth. For cream- 
eries it has become most valuable to the producer of certi- 
fied milk products,, on account of its cleanliness and re-: 
sistance to attack from vermin. 

In the suburbs of the larger cities there is seen an 
ever-increasing use of Portland-cement stucco either upon 
brick or upon metal lath over frame buildings. In the 
urban communities its use is observed in the construction 
of factories, schools, hospitals and pavilions. With this 
ever-increasing use has come a desire for appropriate sur- 
face treatment, and such treatment will lead to a much 
wider use of this material. 

If left unpainted, the dull, drab appearance of the ce- 
ment is unpleasing, and its rough surface will absorb con- 
siderable quantities of moisture, attracting dust particles 
and soot from the air, which will give a most unpleasing 
and unsightly condition. For these reasons there is a 
growing tendency among home owners to paint all cement 
structures. 

It should be remembered, however, that the alkaline 
lime present in freshly laid cement becomes reactive in 
the presence of moisture, and under such conditions might 
prove destructive to freshly applied paints. .For this rea- 
son it is customary to prime the surfaces of all freshly laid 
cement work with a solution of zinc sulphate crystals dis- 
solved in water in the proportion of three pounds to a 
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gallon. This colorless solution is brushed on and a chem- 
ical reaction ensues, which transforms the surface lime 
into a neutral compound, calcium sulphate. 

After drying for a day, ordinary paints such as are 
used upon frame buildings may be applied, or high-grade 
prepared cement coatings which are especially designed 
for the purpose. Both types of paint dry upon cement 
surfaces usually to a semiflat film which is very pleasing 
in effect. Their value lies in the fact that they render 
the cement damp-proof and also give to it a smooth sur- 
face which will resist the accumulation of dust and dirt. 

Paints for Metal 

The need of paint protection for the metal work about 
our homes and other buildings seems to be generally un- 
derstood, but there is a lack of understanding of the 
proper kinds of paint to use for this purpose. Steel struc- 
tural members, such as columns and girders, iron rail- 
ings, fences and grills, tin roofs, galvanized-iron rain gut- 
ters, spouts and flashing and all other corrodible metal 
exposed to the air and moisture require paint protection. 
If the paint used for this purpose is a cheap one, it prob- 
ably contains pigments which excite the formation of 
rust. Under such conditions, repainting will be necessary 
within a short time. 

Practical tests have shown that ultimate economy is . 
effected by using only the highest grades of paint for 
metal protection. For bare iron and steel, U first coat of 
paint containing a basic pigment such as red lead should 
be used, over which may be applied a high-grade moisture- 
resisting paint of any color desired. On tin roofs a good 
grade of red oxide of iron paint is generally applied, after 
making sure that all oil and grease are removed from the 
surface of th^ roof by rubbing, with a cloth saturated with 
benzine. * 

Galvanized iron presents a special problem to the 
painter, as will be understqod by anyone who has ob- 
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served paint peeling from the surface of an improperly 
treated galvanized-iron structure. To secure the best re- 
sults, a new galvanized-iron surface should be brush- 
coafed with a solution of copper sulphate, chloride or 
acetate, made by dissolving four ounces of any one of these 
salts in one gallon of water. This solution slightly rough- 
ens the galvanized coating, but does not damage it. After 
an hour or so the surface may be dusted off and then 
painted with a high-grade prepared metal paint. Well- 
painted galvanized iron should last for many years, as it 
has the protection afforded by the galvanizing as well as 
the paint. 

Paints for the Interior 

Of whatever material the exterior of a home is made, 
the interior trim is invariably of woods of different types, 
and it is the decoration of this interior trim that makes 
the home livable and lovable. The selection of decorative 
schemes which harmonize with the furniture and dra- 
peries to produce various effects desired in the different 
rooms is most important. 

As a rule, in all modern houses every bit of the trim, 
from the kitchen to the bathroom, is finished in white or 
ivory zinc oxide enamel, which gives to the structure an 
immaculate appearance and a contrast to the different 
color effects used on the walls. 

One property of interior white paint is its so-called 
dirt-exposing character. Insanitary conditions are im- 
possible where finishes of this character are used and 
kept clean. Moreover, they form a most pleasing con- 
trast with the cretonne hangings, mahogany furniture, 
and bric-a-brac. White interior finishes are made either 
with enamels or with interior oil paints, the latter being 
similar to those used for exterior work, but having a 
clearer tone. 

Interior oil paints require less effort to apply than 
enamels and as a rule are easier to remove should a change 
to some other type of finish be desired. These oil paints. 
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however, are as a rule used on the less expensive types of 
dwellings. For higher-grade work the enamel finishes’ 
are preferred. These enamel finishes are really varnish 
paints which require careful undercoating and rubbing to 
produce the best results; from three to four coats of 
opaque white paint being applied on the woodwork before 
the application of the enamel. The enamels dry generally 
to a very high gloss surface which may be rubbed if de- 
sired to a dull surface. Either finish will remain in ex- 
cellent condition for many years if properly cared for. 

For high-grade interior trim that is to be treated with 
white paint or enamel, soft woods that are fairly free from 
rosin are as a rule selected because of their absorptive 
and nonstaining properties. 

Where varnished or stained work is desired for in- 
terior work, hardwoods are generally used because of the 
beautiful grain and finish which may be produced thereon. 
Varnishes for interior work are usually of two types, al- 
though many producers make a grade that is fairly well 
suited for all types of work. 

For fioors there is generally used a varnish which 
dries rapidly to a very hard, abrasion-resisting surface. 
Such a varnish is usually made with a large content of 
fossil resins dissolved by heat in linseed and Chinese wood 
oils and thinned with turpentine or similar thinners. On 
floors such varnishes give vastly superior results to those 
often referred to as spirit varnishes, which are made of 
shellac dissolved in alcohol. . 

Even though a floor is to be finished with ‘wax, it is 
desirable first to preserve the wood with varnish, and the 
above outlined procedure should first be carried out, sub- 
sequently applying the floor wax and polishing it with a 
waxing brush.' 

Refinishinf? Old Floors 

For old floors it is often advisable to apply a modem 
floor stain to hide imperfections, and then to apply a var- 
nish, or, if desired, the so-called varnish stains may be 
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applied in two-coat work. On rough, splintery floors that 
could not be made to present a good appearance through 
the use of varnish, it is customary to apply so-called floor 
paint which contains color pigments of various kinds and 
dries to a very hard, durable, wear-resisting surface. 

Another method of finishing floors is to scrape them 
thoroughly so that a smooth surface may be offered. 
After lightly sandpapering, a coat of liquid wood filler is 
applied, and then two coats of varnish, allowing at least a 
day between coats. Many painters omit the filler and 
apply three coats of varnish, with excellnet results. 

Sanitary Value of Interior Finishes 

For the interior trim, paneling, cabinet work, and so 
forth, so-called interior finishing varnishes are used, 
which usually are made on a Chinese wood oil base with 
a lower content of resin. Chinese wood oil, which has be- 
come one of the prime requisites of the varnish industry, 
is an oil expressed from the nuts of a tree grown in Man- 
churia. It has remarkable vamish-making properties, 
being used as the base of most of the water-resisting var- 
nishes now made. It is with this type of varnish that 
tables are usually finished, where resistance to hot water 
and other destructive agents is required. 

The decoration of the interior of dwellings has become 
of even greater importance in one sense than the painting 
of the exteriors. The custom in many modern dwellings 
is to use paint on the walls, in order to obtain the various 
color effects desired, and in this fashion maintain the most 
sanitary conditions possible. 

From the standpoint of sanitation and hygiene,, prop- 
erly painted walls are superior to papered walls upon 
which bacteria may in some instances be harbored, where, 
for example, it has been the practice to repaper without 
taking off the old paper which, having been glued with 
organic pastes, acts as a culture medium. Usually both 
tenant and landlord are oblivious to conditions which can- 
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not readily be seen or detected, and these conditions have 
therefore not been given very much thought. 

From many tests that have been made, the writer is 
convinced that one of the most efficient means of destroy- 
ing bacteria in quarters previously occupied by persons 
suffering from contagious disease is to be had by painting 
the rooms with an oil-pigment paint. The vapors from 
such paint develop formaldehyde, an antiseptic which is 
fatal to bacilli. In hospitals where it is necessary to 
maintain sanitary conditions, the walls are invariably 
painted with paints that can be frequently washed. It is 
just as important that similar precautions should be taken 
in the home. 


Sanitary Wall Paintg of the Oil Type 
For wall work there are now used paints which are re- 
ferred to as prepared, sanitary, fiat wall paints of the oil 
type. Such paints when applied produce waterproof films 
which may be frequently washed without disturbing their 
color or durability. They dry to a flat or matte, velvet- 
like surface which has no glaring effect upon the eye and 
gives highly pleasing color effects. These paints can be 
made in practically any tint desired. 

On the borders of the walls so decorated attractive 
stencil designs bring out in relief the color combinations 
that have been used; and in recent years methods have 
been developed for producing so-called Tiffany effects, 
consisting of blended colors which give the appearance of 
tapestry wall papers. The ease with which these ma- 
terials may be applied, their rapidity of drying, their 
soft color effects and their durability have brought them 
into almost universal use for interior wall decoration. 

On old and dry walls these paints may be applied as 
they come from the container, without reduction. If de- 
sired, a vajmish size containing a little of the color may 
first be applied to reduce the suction, and then be lol- 
lowed by one or two coats of the paint. On newly plas- 
tered walls the paint should Jbe reduced with a little oil 
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and drier and then applied in two-coat work. Drying-out 
of the plaster and the development of free lime may in 
some instances cause slight fading out of the colors, es- 
pecially if they are of light tints. This, however, may be 
expected on new work, and the application of a third coat 
of paint several months after the first two coats will pro- 
duce a very good finish. 


The Light -Reflecting: Power of Paint 

In addition to the antiseptic value of interior painting, 
the subject should be considered from the standpoint of 
illumination and psychological effect. Little thought has 
been given to the light-reflecting power of the interior sur- 
faces of buildings. These surfaces, however, constitute 
a more important factor than the type of illuminant used. 
This is shown by the fact that the illuminatioh of an in- 
terior space lighted by a tungsten lamp can be made to 
vary from 12 to 67 per cent by applying different wall 
colors, ranging from white to dark green. Some tests 
made a few years ago by the writer showed the following 
coefficients of reflection of wall surfaces painted in var- 
ious colors : 

TABLE 126 

Light Reflection of Colored Paints 


Paints made on a mixed white pigment base, tinted 
with chrome yellow, chrome green, Prussian blue, Para 
red, ocher, sienna, carbon black, and so forth. 


Light cream 

C’oe-fflcient 
of leflection 

66 

Light pink 

60 

Light yellow 

58 

Light blue 

55 

Light greenish yellow 

54 

Light buff 

52 

Light green . 

42 

Light terra cotta 

41 

Medium terra cotta 

39 

Light greenish blue 

. 36 

Medium blue 

32 

Warm green 

19 

Medium green 

14 

Red . 

, 12 

Blue, dark . . - 

12 

Green 

. 11 
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The illumination of factories, railroad terminals, de- 
partment stores, hospitals and office buildings can very ' 
easily be increased by the application of white paints or 
light-tinted paints. In fact, it has been shown in practi- 
cal demonstrations that the rays from powerful lights 
falling upon dark walls give less light to a room than the 
rays from weak illuminants falling upon walls that have 
been painted in light colors with dust-resisting, washable 
paints. From the standpoint of economy, the cost of il- 
lumination can be greatly reduced by proper wall treat- 
ment. 


Care Should Be Used in Color Selection 
In schoolrooms and hospitals, and even in the home, 
very careful selection should be made of the colors that 
are used for the walls and ceilings, otherwise lessened 
efficiency and physical fatigue may result. Dark colors, 
such as brilliant reds, dark browns, dull grays and similar 
dark colors, may be the active cause of lessened efficiency, 
nervousness, and so forth^ whereas light tints of blue, 
green and yellow stimulate to activity and are conducive 
to happiness and amiability. 

Large radiators in rooms of the home do not present 
a very attractive appearance unless they are properly 
decorated. For this purpose a paint should be used which 
will harmonize with the wall colorings, and one of the 
best paints obtainable for this purpose is tiie ordinary 
sanitary, fiat wall paint that is used upon walls. It has 
been found that these paints dry with a fiat surface hav- 
ing a high heat-transmission factor. For heating effi- 
ciency as well as for decoration, these paints are th« 

. to be recommended. 
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CHAPTER XXXIV 


Paint and Varnish in the Great War 

When the exploits and accomplishments of industry in 
the Great War are recorded on the pages of history a 
statement may appear to the effect that the conflict was 
prolonged by paint and that this material had a somewhat 
direct bearing upon the ultimate outcome. Such a state- 
ment will seem less startling to the person who will look 
back over the exciting incidents that filled the four years 
of strife, to the closing days of 1914, when the Huns, 
sweeping irresistibly through Belgium, were finally 
checked at the Marne and there arrested while they made 
preparations for the continuation of their drive. Another 
week would perhaps have marked the end of the war had 
it not been for the ability of the Allies at this crisis to 
provide more men, ammunition and equipment. It was at 
this point that paint played its role, since practically 
every instrument and material used in modern warfare 
has a useful life of something less than a week unless 
protected by paint or varnish. The rains and fog of 
September might over night have rendered useless much 
of the equipment of the resisting forces had it not been 
for the preserving effects of paint. To present this more 
clearly there is given below a description of a few of the 
materials of warfare, the successful use of which rests 
upon paint protection. 

Aircraft — Since the stability of aircraft depends upon 
the maintenance of wing and control surfaces that are 
light and of a rigid form, it is certain that the airplane 
could not have been used in warfare had it not been for 
the availability of airplane dope and protective coatings. 
These* materials are applied to the linen or cotton cloth 
that is used for covering the immense wing surfaces 
(some planes requiring 400 square yards of cloth for this 
purpose) . It is impossible to make this cloth sufficiently 
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taut by stretching. Moreover, it is subject to rapid ab- 
sorption of moisture and may become flabby upon short 
exposure. To overcome this condition, there is ap- 
plied to the cloth-covered surface, four or five coats 
of airplane dope which consists of cellulose acetate or 
nitrate (the latter being a form of gun cotton) dissolved 
in rapidly evaporating solvents such as acetone or methyl 
and ethyl acetates. Some of these dopes are made plastic 
and fire resisting with such materials as triphenyl- 
phosphate. When they are applied, they rapidly dry, 
producing films that shrink the cloth to a drum-tight con- 
dition on the wings. Even when this is accomplished it 
is necessary to varnish or paint the treated cloth to fur- 
ther protect it from water and keep it in a permanently 
rigid form. The use of paint is preferable as its pigment 
content shuts out the actinic rays of light which would 
penetrate a transparent film and rapidly reduce the 
strength of the cloth. Suitable anti-actinic paints or 
enamels shut out this light to such a a extent that even 
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FIG. 73 


after several months of service the cloth will show prac- 
tically its original strength. 

It should also be pointed out that the spruce strength 
members of airplanes (spars and beams), might warp 
out of shape and throw the surfaces out of alignment' 
after a few days’ exposure to moist conditions if they 
were left bare. Moreover, practically the entire body or 
fuselage of the airplane is constructed of extremely thin 
plywood (veneer) consisting usually of three laminations 
of Mi“inch stock glued together. Without varnish or paint 
protection the life of such parts would be brief, especially 
when exposed to conditions such as obtain along the sea- 
coast. The metal fittings, the stay wires and the control 
cables used on aircraft also require protection with paint 
and varnish in order to prevent rapid corrosion, and con- 
sequent diminution of strength, the lowering of which 
would add greatly to the risk of flying. 

With all of the above and many other applications it is 
safe to state that the airplane requires more paint pro- 
tection than any other modern instrument of warfare of 
the same size ; as high as 300 gallons of dope, varnish and 
enamel being used on some of the more modern sea- 
planes having fairly large hull surfaces. 

Shells , — Modern high explosive shells are filled with 
picric acid or with tri-nitro-toluol mixtures which have 
the property of acting upon the iron surface of the shell 
to form iron compounds (iron picrate for example) which 
are extremely unstable and subject to premature explo- 
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sion. In order to prevent the formation of such products 
the interior surfaces of all shells are first coated with a 
varnish that will act as an insulating film between the 
iron and the explosive mixture. These are usually 
spirit varnishes (shellac, collodion or bitumen) and they 
dry by evaporation of their light solvent content. The 
better grades are made of linseed and tung oils and re- 
quire baking after application to the shell in order to de- 
velop their full degree of toughness and elasticity. This 
process of baking is referred to as “stoving,” and auto- 
matic spraying machinery for applying the varnishes 
and ovens for baking them are installed in many of the 
shell-filling plants. Due to the necessity of great speed in 
shell making, the use of baking varnishes has not been 
general, as the slow cooling down of the shells after bak- 
ing would interfere with rapid production. It is also in- 
teresting to record the fact that all shell varnishes must 
be free of the usual lead drier ; even a few hundredths of 
one per cent being considered dangerous because of the 
avidity of lead compounds to form the highly unstable 
lead picrates. 

The exterior surfaces of all shells are painted. If the 
shells were left bare and stacked in the field for long per- 
iods of time, as is the custpm, they would show rapid cor- 
rosion which might possibly interfere with their loading 
into the guns. Another important reason for painting is 
to aiford means of identification of each type of shell. For 
this purpose a series of colors are used which are bright 
and readily recognizable. These colors at once differentiate 
the high explosive, shrapnel,, illuminating, anti-aircraft, 
gas, and other shells. The requirements of shell paints 
are extremely rigid. They must hide the metal in one 
coat and dry hard in one hour to a fiat, tough surface that 
will not flake or chip upon exposure. Since ordinary oil 
paints require 24 hours for drying it is evident that great 
skill is necessary to produce a good shell paint. 

Cartridges , — ^There was produced in this country dur- 
ing the period of active hostilities over twenty million 
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cartridges per day and every one of these required var* 
nish protection. The interior of the neck of the cartridge 
shell must be coated with a varnish in order that a tight 
seal will be formed where the cupro-nickel bullet is fixed 
and thus prevent the admission of moisture to the powder 
contained within the shell. The primer cap on the end 
of each cartridge is also sealed with the same varnish in 
order to maintain the sensitive primer mixture in a dry 
and functionable condition. It is rather interesting to 
note that when unvarnished cartridges reach the tempera- 
ture of a hot summer^s day, the air contained within the 
shell expands and if the cartridge is then cooled off by 
placing it in water, a vacuum is immediately formed; 
water is then sucked in at the neck or around the primer, 
and the powder may be rendered inactive. With the 
modern varnished bullet such danger does not attend and , 
it would be safe for the soldier campaigning in the Sahara 
Desert to place his cartridges in a tank of water over 
night ( if water were available) without fear of rendering 
them defective. In fact, tests are now made at the cart- 
ridge factories requiring specimens of every run of var- 
nished cartridges to be warmed up and placed in a tank 
of water for 24 hours with subsequent successful use in 
the ballistic tests. The varnish used on such bullets is of 
an extremely rapid drying nature and is applied by a ma- 
chine which varnishes them and inserts the primers. 
Within a few minutes the cartridges are filled with pow- 
der and the bullet inserted by another machine. It can 
be readily seen that a varnish for this work must have 
extraordinary characteristics. It must become dry pre- 
vious to the introduction of the powder in order to prevent 
the adherence of powder granules to the varnished sur- 
face and it must remain elastic to withstand the abrasion 
caused by the inserted bullet. It must also form a water- 
proof seal. 

Ship Paints , — Ships of war are ships of steel but this 
metal is serviceable only as long as it is protected 
from corrosion. Paint protection is therefore a necessity 
to the successful operation of a battle fleet. To the unini- 
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tiated it might seem rather surprising to learn that the 
coating oi one targe sMp may require over 100 tons oi 
paint and that the paint is renewed practically every 
six months in order to maintain permanent protection 
and appearance. The steel, wood, and concrete vessels 
of the merchant marine, the giant transports, the subma- 
rine chasers, and every other type of craft used in war- 
fare require the same type of protection. While much of 
the paint applied was for the purpose of camouflage, 
which was found successful in rendering craft optically 
elusive to the prowling submarine, the main object was 
for protection against the elements. 

Camouflage and Color , — ^At no previous time in the 
world's history has color played so important a role as 
the present. While the use of paint in camouflage should 
really be considered as secondary to its use as a pre- 
servative, some very important applications were made 
which rendered it of great value. This art of protective 
coloration was developed practically over night and be- 
came one of the important considerations of the war, 
receiving the attention and application of some of the 
world's most talented marine artists. In fact,, the camou- 
flage squad of the Army and the Navy became as well 
recognized as a necessary complement as any other or- 
ganization. The lives of thousands of wounded troops 
confined in hospitals were often saved through the skill 
of the camoufleur in concealing by clever coloration the 
roofs of buildings from the view of hostile aviators.* The 
successful voyages of vessels and troopships with their 
much-needed cargoes may also be attributed 4n large 
measure to the modem developments in surface craft 
coloration. The hiding or making elusive by optical dis- 
tortion, of guns, aircraft, and nearly every conceivable 
type of instrument of warfare depended to a great extent 
upon the use of camouflage paint. Highly important dis- 
coveries -were made in the optics of paint pigments and 
many applications of scientific principles were called 
upon in working out special formulas, the history and 
importance of whidi it is probably early to disclose. 
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Mobile Equipment — The auto truck, tractor and gen- 
eral mobile equipment used for transporting ammuni- 
tion and men would have been ineffective unless protected 
with paint. It may be imagined how long the spokes of 
an artillery wheel would retain their form when sub- 
jected to hard field usage if left in an unvarnished or 
unpainted condition. It is not difficult to visualize the 
amount of warping and rotting of wood parts or corrosion 
of bare metal parts that would take place. The same 
applies to railroad equipment and it may be incidentally 
mentioned that the one hundred thousand odd freight cars 
and locomotives that were constructed in this country for 
use abroad were all painted according to standard practice 
before shipment or use. 

General . — It is of importance to state that the Amer- 
ican paint industry was one of the very first at the out- 
break of the war to offer the free services of its leaders 
and experts to the various departments of the Govern- 
ment. The history of the unceasing efforts of the War 
Service Committee of the Paint Industry forms an inter- 
esting contribution to this subject. This committee 
worked out, under most intense pressure, new paints of 
many types that were immediately required for war use 
and which involved great skill in preparation. 

In chapter XXXV are given a number of these specifi- 
cations which were drawn up for the War Department. 
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Standard Paint Specifications of the War 
Department 

The General Specifications which follow are a part of 
all specifications for paints and varnish for the War De- 
partment. They apply to orders that are placed with 
manufacturers of army equipment where such manufac- 
turers buy the paints and varnish for application to such 
equipment, and to orders that are placed direct by the 
War Department. 

GENERAL SPECIFICATIONS 

1. Unless otherwise specified, all paints shall be fur- 
nished in prepared form suitable for finish coat work and 
tinted to match the standard shades shown herein* 

2. Unless otherwise requested by the Department there 
shall be submitted with bids two one-pint samples of the 
paint or varnish which it is proposed to furnish and which 
must conform to the specifications herein. 

Delivered lots must conform to submitted samples. 

3. When required by purchaser, tfie manufacturer shall 
furnish samples of raw materials used in these paints. 
When required invoice must be accompanied.'by a^n affi- 
davit to the effect that the paint or varnish shipped has 
been made conformable to the specificatiomr herein. . 

4. The paint or varnish furnished on these specifica- 
tions will be submitted to chemical and physical tests, and 
if found deficient in either will be rejected. 

They may be submitted to time exposure tests. In cases 
where the ^ward of a contract cannot be delayed for the 
exposure tests, the award will be made on the basis of the 
other requirements, including the chemical and physical 
requirements referred to in the specifications. Any prod- 

•The standard color samples referred to are omitted In the followlne 
reprint of specifications. 
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uct, however, which does not satisfactorily withstand ex- 
posure tests will be omitted from future consideration. 

5. All paint and varnish shall be delivered in packages 
conformable to the specifications and marked in accord- 
ance with regulations which will be furnished to success- 
ful bidders. 

Unless otherwise specified, where tin containers are 
used they shall be such as are in ordinary use by paint and 
varnish manufacturers and shall be cased in boxes of the 
standard type now in use by manufacturers and conform- 
ing to the regulations of the Interstate Commerce Com- 
mission. 

6. All percentages of materials given in the following 
specifications are percentages by weight, unless otherwise 
stated. 

7. The Linseed Oil,. Turpentine, Mineral Spirits, Drier 
and Varnish contained in all paints shall conform to the 
standards prescribed herein. 

8. Paints must conform to the following physical re- 
quirements : They must not harden or cake in the pack- 
age ; they must be satisfactory in every respect, including 
color, consistency, fineness, working properties, spreading, 
hiding power, flowing, drying, finish and durability. 

9. Special requirements peculiar to the paints in ques- 
tion are stated under individual specifications. 

10. A variation of 2 per cent either way when definite 
amounts are specified will be allowed. When limits are 
set the numbers stated will be adhered to. 

11. In paint composed of Zinc Oxide and Basic Carbon- 
ate or Basic Sulphate White Lead, Leaded Zinc may be 
used, provided the paint composition specified is main- 
tained. 

12. Paints and Varnishes will be purchased f. o. b. 
bidder’s plant or warehouse, the location of , which shall 
be qtated. 

13. All containers must be plainly marked with the 
actual net volume of the paint or varnish therein. 

Where paint is purchased in paste form, the containers 
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must be plainly marked with the actual net weight of the 
paint therein. 

14. The inspection of Paints and Varnish may be made 
at the place of manufacture, or elsewhere, as the Inspec- 
tion Department may direct. 

The Inspector shall have full and free access to all parts 
of the manufacturer's plant and the manufacturer shall, 
at all times, afford him every reasonable facility for ex- 
amination and inspection of all materials used or to be 
used in the manufacture of any product hereunder. 

15. Color cards are attached to nearly all specifications 
except black and white. These cards show the color re- 
quired, but the type of finish (fiat or gloss) must comply 
with the particular requirements of the specifications. 

RAW OR REFINED LINSEED OIL 
U. S. Army Standard 
W. D. 1 

Specification. 

It shall be absolutely pure, well-settled oil of best qual- 
ity. It shall be perfectly clear at a temperature of 60° F. 
and shall not show a loss of over 0.2 per cent when heated 
to 100° C. It shall conform to the following require- 
ments : 

Specific gravity at 16.6V15.5° C 0.936 0.932 

Or specific gravity at 26V25'’ C 0,931 0.927 

Acid number 6 ' 

Saponification number 195 189 

Unsaponifiable matter, per cent 1.60 

Refractive index at 26® C 1.4806 1.4790 

Iodine number (Hanus).. . - 170 


BOILED LINSEED OIL 
U. S. Army Standard 
W. b. 2 

Specification. 

It shall be absolutely pure, well-settled linseed oil boiled 
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with oxides of manganese and lead. 

It shall conform to 

the following requirements: 

Maximum. 

Mnlmum. 

Specific gravity at 15.5”/15.5° C 

0.946 

0.937 

Acid number 

8 


Saponification number 

195 

189 

Unsaponifiable matter, per cent 

1.50 

.. . 

Refractive index at 26® C 

1.484 

1.479 

Iodine number (Hanus) 



168 

Ash, per cent 

0.7 

0.2 

Manganese, per cent ... 



0.03 

Lead, pei* cent 



0.1 


TURPENTINE 
U. S. Army Standard 
W. D. 3 

Specification. 

This specification applies both to the turpentine that is 
distilled from pine oleoresins, and commonly known as 
gum turpentine or spirits turpentine, and to the turpen- 
tine commonly known as wood turpentine that is obtained 
from resinous wood, whether by extraction with volatile 
solvents, by steam, or by destructive distillation. The 
bidder should state whether gum spirits or wood turpen- 
tine is furnished. 

The turpentine shall be clear and free from suspended 
matter and water. The color shall be water white. The 
specific gravity shall not be less than 0.860 or more than 
0.875 at 15.5'* C. The refractive index shall not be less 
than 1.468 or more than 1.478 at 15.5 ” C. The initial boil- 
ing point shall be not less than 150° C. nor more than 
160° C. Ninety per cent of the turpentine shall distill 
below 170° C. The polymerization residue shall not ex- 
ceed 2 per cent and its refractive index at 15.5° C. shall 
not be less than 1.500. 

VOLATILE MINERAL SPIRITS 
U. S. Army Standard 
W. D. 4 

Specification, 

This shall be a hydrocarbon distillate, water white, neu- 
tral, clear and free from water. It shall have no darken- 
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ing effect when mixed with basic carbonate white lead. 

When 10 c. c. are put in a glass crystallizing dish 21/2 in. 
in diameter, and placed on a steam bath for 2^4 hours, the 
residue must not exceed .03 gms. 

When tested according to the standard tests for Paint 
Thinners Other than Turpentine, prescribed by the Amer- 
ican Society for Testing Materials, the flash point shall 
be not less than 29® C. (85° F.), in a closed tester, and in 
the distillation test, the first drop must issue from the 
condenser at a temperature not below 129° C. (265° F.), 
and 97 per cent must distill below 243° C. (470° F.). 

DRIER 

tJ. S. Army Standard 
W. D. 5 

Specification, 

It shall be composed of lead, manganese, or cobalt com- 
pounds, or a mixture of any of these, combined with puie 
linseed oil and thinner. The thinner shall consist of ap- 
proximately 75 per cent volatile mineral spirits and 25 
per cent turpentine. It shall be free from adulterants, 
sediment, and suspended matter. Resins or *‘gums^^ other 
than rosin may be used at the option of the manufacturer 
(but the presence of rosin in any form shall be cause for 
rejection). The drier shall not flash below 35° C. (95° F.) 
in an open tester. When the drier is thoroughly mixed 
with linseed oil that will not break under 315° C. (600° 
F.) in the proportion of 5 volumes of drier to ^5 volumes 
of oil, no curdling shall result within 2 houra after mixing, 
and the mixture when flowed on a clean glass plate held 
in a vertical position, shall dry in not more than 18 hours 
at a temperature between 15° and 35° C, 

VARNISH* 

. Army Standard 
W. D. 6 

Specification, 

The material shall be the best long oil varnish. It must 


♦Thli Bpeclflcatlon does not apply to Interior coating of projectiles. 
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be resistant to air, light and water. The manufacturer 
is given wide latitude in the selection of raw materials 
and processes of manufacture, so that he may produce a 
varnish of the highest quailty. Preference will be given 
to rapid drying varnishes. 

The varnish shall be clear and transparent. 

The color of the varnish shall be no darker than that of 
a standard color solution, made by dissolving six (6) 
grams of pure powdered potassium bichromate in 100 cc. 
of pure concentrated sulphuric acid (specific gravity 1.84). 
Gentle heat may be used if necessary to perfect the so- 
lution of the bichromate. The standard color solution and 
a sample of varnish shall be placed in clear thin-walled 
glass tubes of the same diameter. The color comparison 
shall be made by placing the tubes close together and 
looking through them. The tubes used for this test shall ' 
be to 13/16 inch in diameter, and shall be filled with 
the liquids to a depth of at least one (1) inch. 

When tested in an open tester, the varnish shall not 
fiash below Sfi** C. (95" F.). 

This test shall be made on a film of varnish flowed on 
one side of a panel of bright tin, which is 0.0125 to 0.0158 
inch thick and about four (4) inches wide by six (6) 
inches long. The panel shall be thoroughly cleaned with 
benzol before applying the varnish. When the panel is 
placed in a vertical position and maintained at a temper- 
ature of 21" to 32" C. (70" to 90" F.), the varnish must 
set to touch at points within one (1) inch of the side and 
top edges of the film, in not more than five (5) hours and 
must dry hard in not more than twenty-four (24) hours, 
to a clear hard glossy film. 

The panel shall then be allowed to dry for a further 
period of not less than five (5) days, and then brought to 
a temperature of from 70" to 75“ F. The panql,. with the 
varnished side on the outside, shall then be rapidly bent 
double over a rod Vs inch in diameter. The varnish film 
must neither crack nor flake at the point of bending. 

A basswood panel shall be filled with a coat of drop 
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black in oil, thinned with turpentinue and drier, and al- 
lowed to dry for at least ten (10) days. The filler must . 
have suitable body to give proper brushing, flowing, and 
covering properties. A coat of varpish shall then be ap- 
plied, allowed to dry for forty-eight (48) hours,, and 
lightly sandpapered. A second coat of varnish shall then 
be applied and allowed to dry for seventy-two (72) hours. 
The panel shall then be inclined at an angle of forty-five 
(46) degrees, and a gentle stream of cold tap water al- 
lowed to flow for eighteen (18) hours down the middle 
of the panel. After wiping off, with a chamois skin, any 
deposits due to tap water, the varnish must show no ap- 
preciable whitening, dulling, or other defects. A small 
stream of boiling distilled water will then be allowed to 
flow down another portion of the panel for twenty (20) 
minutes. The water will be siphoned through a small 
glass tube directly from a container in which it is boiling, 
onto the surface of the panel, in such a manner that there 
will be no appreciable lowering of the temperature of the 
water before it touches the varnish filiri. The siphon de- 
livery tube will be in a plane nearly paralled to the plane 
of the panel, so that the impact of the water will not tend 
to break the firm. The varnish shall show no appreciable 
whitening and no more than a very slight dulling, or 
other indications of marked deterioration, either when 
observed immediately after removing from the water, or 
after drying for two (2) hours. r' 

The varnish shall be applied,, in three C3) coats, to two 
(2) unfilled panels of maple wood. The panels must not 
be less than 51/2 inches wide, by 18 inches long by % inch 
thick. . The first coat of varnish, after drying indoors for 
three (3) days shall be lightly sandpapered with No. 00 
sandpaper before the application of the second coat. The 
second and third coats of varnish shall each be allowed to 
dry three (3) days indoors, but neither coat shall be sand- 
papered or rubbed. A protective coat of varnish (not for 
test purposes) shall be applied to the back and edges of ' 
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the panels. The duplicate panels shall then be placed out- 
doors at an angle of 45 degrees to the vertical and facing 
the south. 

The durability of the varnish on the test panel must be 
equivalent to that of an approved varnish exposed under 
the same conditions. 

ASPHALTUM VARNISH 
U. S. Army Standard 
W. D. 7 

Specification, 

This liquid shall be made on a high-grade asphaltum 
base, compounded with linseed oil and drier. 

It shall contain not less than 10 gallons of pure linseed 
oil to 100 gallons of the finished product. 

It shall be reducible with Naptha and free from sedi- 
ment and dirt. 

It shall set to touch in 90 minutes and shall dry hard to 
a black, lustrous film in less than 15 hours. When dry 
and hard, it shall not rub up by friction under the fingers. 

It shall not flash under 85‘’ F. in a closed Tester. 

BLACK ENAMEL 
U. S. Army Standard 
W. D. 8 

Specification, 

Pigment (not more than) 5%. 

The balance shall be liquid. 

The pigment portion shall be — 
jlCarbon Black.* 

The liquid portion shall be — 

Varnish. 

• • 

Special Requirements: The color shall be a deep black, 
and when flowed on to bright tin held in a vertical posi- 
tion, it shall dry rapidly with a high lustre, to a tough 

*A product of natural ga& containing not more than 1.25% ash. 
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elastic film, within 12 hours, and cover solidly with one 
coat. 


BLACK PAINT FOR GENERAL PURPOSES 
U. S. Army Standard 
W. D. 9 

Specification. 

Pigment 30% 

Liquid 70% 

The pigment portion shall consist of — 

Carbon Black* 20% 

Red Lead 6% 

♦A product of natural gas containing not more than 1.25% ash. 

The balance shall be shale black, aluminum silicate, 
magnesium silicate, or a mixture thereof. 

The liquid portion shall consist of — 

Pure Raw Linseed Oil (not less than) 80% 

The balance shall be combined drier and thinner. The 
thinner shall consist of approximately equal parts of tur- 
pentine and volatile mineral spirits. . 

Special Requirements: The paint shall weigh not less 
than 9 pounds per gallon and shall dry within 18 hours to 
a full oil gloss. 

It is intended for general use on metal or wood surfaces 
and shall be deep black in color. 

BLUE PAINT 
U. S. Army Standigrd 
W. D. 10 

Specification. 

Pigment 60% 

Liquid 50% 

The pi^ent portion shall consist of — 

Idthopone (containing not less than 26% Zinc Sulphide) 75% 

Aluminum Silicate, Magnesium Silicate, or a mixture thereof, 
combined with the 'necessary amount of Pure Chinese 
Blue to produce the desired shade (a total of) 26% 
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The liquid portion shall consist of — 

Pure Raw Linseed Oil (not less than) 657er 

The balance to be combined drier, turpentine and vola- 
tile mineral spirits. 

Special Requirement: The paint shall dry rapidly to a 
hard, dull surface. 


BRIGHT RED OXIDE PAINT 
U. S. Army Standard 
W. D. 11 

Specification, 

Pigment 55% 

Liquid 45% 

The pigment portion shall consist of — 

Not less than 30^;^. Ferric Oxide (Fe^O.,). It shall also 
contain not less than 5% red lead. 

The balance to be silica or silicious earth pigments. 

The liquid portion shall consist of — 

Pure Raw Linseed Oil (not less than) 75% 

The balance to be combined drier and volatile mineral 
spirits. 

Special Requirements: This paint shall weigh not less 
than 13 pounds per gallon and shall dry within 18 hours 
to a full oil gloss. 


BRONZE GREEN PAINT 
U. S. Army Standard 
W. D. 12 

Specification, 

Pigment 58% 

Liquid 42% 

The pigment portion shall consist of — 

Chrome green which must carry not less than 20% chem- 
ically pure chrome green precipitated on an inert base 
which may consist of barium sulphate, aluminum sili- 
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cate, magnesium silicate, silica, or a mixture thereof. 
To this green may be added the necessary pure tinting ' 
colors to produce the desired shade. 

The liquid portion shall consist of — 

Pure Raw Linseed Oil (not less than) . .. 85'^f 

The balance to be combined drier and thinner. The 
thinner shall be turpentine, or volatile mineral spirits, or 
a mixture thereof. 

Special Requirements: The paint shall weigh not less 
than 13 pounds per gallon and shall dry within 18 hours 
to a full oil gloss. 


BROWN ENAMEL PRIMER 
U. S. Army Standard 
W. D. 13 

Specification. 

Pigment 60% 

Liquid 40% 

The pigment portion shall consist of — 

Not less than 35^4 ferric oxide (Fe^Oa) ; the balance to 
be silica or silicious earth pigments. 

The liquid portions shall consist of — 

Varnish .... ^OVj? 

Combined Drier and Thinner. 30% 

The thinner shall consist of approximately ^qual parts 
of turpentine and volatile mineral spirits. 

There shall be present not less than 30% of non-volatile 
in the liquid portion of the paint. 

Special Requirements: This paint shall weigh not less 
than 131/2 pounds per gallon and shall dry rapidly to a flat 
surface. 


CAMOUFLAGE COLORS 
U. S. Army Standard 

Special Requirements : All of the following camouflage 
paints, Nos. 1, 2, 3 and 4, shall dry within 6 hours to a 
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flat, non-reflecting surface, and shall be of proper con- 
•sistency to apply with a stencil brush. 


W. D. 14 

No. 1, Yellow. 

No. 2, Green. 

No. S, Cream. 

Specification, 

Pigment 70% 

Liquid 30% 

The pigment portion shall consist of — 

White Lead (Basic Carbonate, Basic Sulphate, or a mixture 

thereof) 40%) 

Zinc Oxide . ... 20% 

Magnesium Silicate, combined with the necessary pure tinting 

colors to produce the desired shades (a total of) . 40% 

The liquid portion shall consist of treated oils or var- 
nish, and volatiles. The liquid portion must contain not 
less than 42% of non-volatiles, the balance to be volatiles. 
Of the non-volatiles, not less than 80% must be pure lin- 
seed oil and pure Chinese wood oil (heat treated). The 
volatile portion shall consist of turpentine or volatile min- 
eral spirits, or a mixture thereof. 

These paints shall weigh not less than 16 pounds per 
gallon and shall conform to the special requirements 
above. 


W. D. 15 
No. 4, Black 

Specification, 

Pigment 56 %o 
Liquid 44 %c 

The pigment portion shall consist of — 

White Lead (Basic Carbonate, Basic Sulphate, or a mixture 

thereof) 40%c 

Zinc Oxide 20 %? 

Combined Magnesium Silicate and Carbon Black* : a total of... 40%> 

•A product of natural gas containing not more than 1.26% ash. 
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The liquid portion shall consist of treated oils or var- 
nish and volatiles. The liquid portion must contain not • 
less than 42% of non-volatiles, the balance to be volatiles. 
Of the non-volatiles, not less than 80% must be pure lin- 
seed oil and pure Chinese wood oil (heat treated). The 
volatile portion shall consist of turpentine or volatile min- 
eral spirits, or a mixture thereof. 

This paint must be deep black in color and weigh not 
less than 13 pounds per gallon. 

COPPER PAINT 
U. S. Army Standard 
W. D. 16 

Specification, 

Pigment 44% 

Liquid 66% 

The pigment portion shall consist of finely ground 
natural iron oxide containing at least 40% It shall 

also contain copper oxide in amount sufficient to insure 
not less than 12.5% of copper (Cu) in the completed paint. 

The liquid portion shall consist of pine tar, drier, and 
suitable thinners. 

On heating 5 grams of the paint in a flat-bottom dish 
3 inches in diameter for 2 hours at a temperature of 105“ 
to 110“ C., the residue remaining shall be not less than 
69% of the paint. . 

Special Requirements : This paint shall dry satisfac- 
torily to a tough, salt-water resisting film. It shall be 
suitable for use on wood bottoms and have good antifoul- 
ing and protective properties. 


.DARK RED OXIDE PAINT 
U. S. Army Standard 
W. D. 17 

Specification, 

Pigment 66% 

Liquid 46% 
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The pigment portion shall consist'of— 

Ferric Oxide (FejOa) (not less than) - - 80% 

The balance shall be silica or silicons earth pigments. 
The liquid portion shall consist of — 

Pure Raw Linseed Oil (not less than) 76% 


The balance to be combined drier and volatile mineral 
spirits. 

Special Requirements: The paint shall weigh not less 
than 121/2 pounds per gallon and shall dry within 18 hours 
to a full oil gloss. 

DECK AND FLOOR PAINT 
U. S. Army Standard 
W. D. 18 

Specification. 

Pigment 50% 

Liquid 50% 

The pigment portion shall consist of — 


Lithopone (containing not less than 26% Zinc Sulphide) 56% 

White Lead (Basic Carbonate, Basic Sulphate, or a mixture 

thereof), and Zinc Oxide .. 24% 

Aluminum Silicate, Magnesium Silicate, or a mixture thereof, 
combined with the necessary pure Tinting Colors to pro- 
duce the desired shade (a total of) 20% 


The liquid portion shall consist of — 

Varnish, linseed oil, drier and thinner, and shall contain 
not less than 30% non-volatile matter. 

Special Requirements: The paint must weigh not less 
than 11 Vi pounds per gallon and must dry within 6 hours. 

EXTERIOR CANTONMENT PAINT (GRAY) 

U. S. Army Standard 
W. D. 19 

SpecifitMion. 

This paint also to be furnished in white when required. 

Pigment 64% 

Liquid 36% 
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The pigment portion shall consist of — 


White Lead (Basic Carbonate, Basic Sulphate, or a mixture 

thereof) 42% 

Zinc Oxide 33% 

Aluminum Silicate, Magnesium Silicate, or a mixture thereof, 
combined with the necessary pure tinting colors to pro- 
duce the desired shade (a total of) 25% 

The liquid portion shall consist of — 

Pure Raw Linseed Oil 20% 

Menhaden Oil,* Soya Bean Oil,** or a mixture thereof . . 40% 


The balance to be combined drier and volatile mineral 
spirits. 

Special Requirements: This paint shall weigh not less 
than 15 pounds per gallon, and shall dry within 12 hours, 
and leave a surface suitable to recoat in 36 hours. 

♦The Menhaden Oil used In this paint shall be pure, refined, light in 
color, and not of objectionably odor. It shall have the following chemi- 
cal constants: 

Specific gravity 92-.93 

Iodine number, not less than 166 

Saponification number, not less than 186 

Acid number, not more than 8 

♦•The Soya Bean Oil used in this paint shall be pure, light in color, and 
shall have the following chemical constants: 

Specific gravity - 92-.93 

Iodine number, not less than .... 130 

Saponification number, not less than..’. 180 

Acid number, not more than 4 


EXTERIOR CANTONMENT PAINT (GREEN) 

U. S. Army Standard 
W. D. 20 

Speciiication, 

Pigment 68% 

Liquid 42% 

The pigment portion shall consist of — 

Chrome green which must carry not less than 20 % 
chemically pure chrome green precipitated on an inert 
base which may consist of barium sulphate, aluminum 
silicate, magnesium silicate, silica, or a mixture thereof. 
To this green may be added the necessary pure tinting 
colors .to produce the desired shade. 

The liquid portion shaU consist of — 


Pure Raw Linseed Oil - 20% 

Menhaden Oil, Soya Bean Oil,-or a mixture thereof. 40% 
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The balance to be combined drier and volatile mineral 
spirits. 

Special Requirements: This paint shall dry within 12 
hours and leave a surface suitable to repeat in 36 hours. 

The Menhaden and Soya Bean Oils used herein shall 
conform to the requirements of those oils as given for 
Formula W. D. 19. 

FIRE RETARDANT PAINT 
U. S. Army Standard 
W. D. 21 

In any Tint desired. 

For exterior use on lumber construction wherever fire 
resistance is desired. 

White Paint and Tinted Paints Made on a White Base. 

Pigment 60% 

Liquid 40% 

The pigment portion shall consist of — 


Basic Sulphate White Lead 28% 

Zinc Oxide 22% 

Magnesium Silicate, combined with the necessary pure tinting 

colors to produce the desired shade (a total of) 60% 

The liquid portion shall consist of — 

Pure Raw Linseed Oil (not less than) 66% 


The balance to consist of equal parts of drier, turpen- 
tine and volatile mineral spirits. 

Special Requirement: This paint shall weigh not less 
than 13 pounds per gallon. When applied to new lumber 
'constructions it shall penetrate and dry rapidly to a dur- 
able film. It shall successfully withstand the standard 
firebrand test when applied to two-coat work. 
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INTERIOR CANTONMENT PAINT 
Flat Finish Interior Paint. 

U. S. Army Standard 
W. D. 22 

In White or any Light Tint desired. 

Specification, 

White and Light Tints Made on a White Base. 

Pigfment 70% 

Liquid 30% 

The pigment portion shall consist of — 

Lithopone (containing not less than 26% zinc sulphide) (not 

less than) 80% 

Zinc Oxide (not less than) 10% 

The balance to be White Mineral Pigments and Tinting 
Colors. 

The liquid portion shall consist of — 

Treated oils and volatiles, or varnishes which produce 
a satisfactory washable flat finish. 

The liquid portion must contain : 

Non-Volatiles (not less than) 20% 

Volatiles (not more than) 80% 

The volatiles shall be turpentine, or volatile mineral 
spirits, or a miMure thereof. 

Of the total volatiles, not more than 21/2% may be 
water. 

Special Requirements: The physical characteristics 

particularly required are fineness, flowing and flatting. 

The paint shall weigh not less than 141/2 pounds per 
gallon. 

GRAPHITE PAINT 
U. S. Army Standard 
W. J), 23 

Specification. 

Pigment 40% 

Liquid^ 60% 
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The pigment portion shall consist of — 

Either the natural or artificial form of graphite. It 
shall contain at least 60 '/r graphite carbon and the bal- 
ance shall consist of iron oxide, silica, or silicious earth 
pigments. 

The liquid portion shall consist of — 

Pure raw linseed oil (not less than) 80%, the balance 
to be combined drier and thinner. The thinner shall con- 
sist of turpentine, volatile mineral spirits, or a mixture 
thereof. 

Special Requirements: This paint shall weigh not less 
than 10 pounds per gallon and shall dry within 18 hours 
to a full oil gloss. 


GRAY PAINT 
U. S. Army Standard 
W. D. 24 

Specification, 


Pigment 64% 

Liquid 36% 

The pigment portion shall consist of — 

White Lead (Basic Carbonate, Basic Sulphate, or a mixture 

thereof) 46% 

Zinc Oxide 35% 

Aluminum Silicate, Magnesium Silicate, or a mixture thereof, 
combined with the necessary amount of Carbon Black* to 
produce the desired shade (a total of) 20% 

The liquid portion shall consist of — 

Pure raw linseed oil (not less than) 857^ , the balance 
to be combined drier and thinner. The thinner shall con- 
sist of approximately equal parts turpentine and volatile 
mineral spirits. 

Special Requirements: The paint is intended for gen- 
eral use on metal or wood surfaces. It shrill weigh not 
less than 15 pounds per gallon and shall dry within 18 
iiours to a full oil gloss. 

•A product of natural gas containing not more than 1.25% ash. 
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GRAY PAINT— SPECIAL QUICK DRYING 
U. S. Army Standard 
W. D. 25 

Specification, 

Pigment 52% 

Liquid 48% 

The pigment portion shall consist of — 

White Lead (Basic Carbonate, Basic Sulphate, or a mixture 

thereof) (not less than) 28% 

Zinc Oxide (not less than) 22% 

The balance to be magnesium silicate, combined with 
the necessary amount of carbon black* to produce the 
desired shade. 

The liquid portion shall consist of treated oils or var- 
nish, and volatiles. The liquid portion must contain not 
less than 42% of non-volatiles, the balance to be volatiles. 
Of the non-volatiles, rot less than 80% must be pure lin- 
seed oil and pure Chinese wood oil (heat treated). The 
volatile portion shall consist of turpentine or volatile min;- 
eral spirits, or a mixture thereof. 

Special Requirements: The paint shall weigh not less 
than IIV 2 pounds per gallon and shall dry within 6 hours 
to a dull finish. 


LAMP BLACK IN OIL 
(Paste) 

U. S. Army Standard 
W. D. 26 

Specification, 

Pigment 26% 

Liquid 76% 

The pigment portion shall consist of — 

Lampblack (not less than) 86% 

Barium Sulphate (not more than).. 16% 

The cohabined pigment used in making the paste, when 
ashed shall show not more than 16% of total ash. The 

*A phxluct of natural gaa containing not more than 1.25% ash. 
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lampblack used shall be the perfectly calcined product of 
* oils onlj^ 

The liquid shall be — 

Pure raw linseed oil. 

Special Requirement: The pigment shall be finely 
ground to a medium stiff paste which shall break up 
readily on thinning. 

One pound sample shall be submitted with bid. 

LEADED ZINC 
U. S. Army Standard 
W. D. 27 

Specification 

The dry pigment shall be pure leaded zinc, free from all^ 
adulterants. 

It shall contain not more than 40% basic lead sulphate, 
the balance to be zinc oxide. 


Moisture shall not exceed 0.5 % 

Water soluble salts shall not exceed 1.6 % 

Sulphur dioxide shall not exceed 75% 


The pigment, when required to be ground to a paste 
in oil, shall be of the same quality as the dry pigment, 
and shall be ground in at least 12% of pure bleached or 
refined linseed oil. 


OLIVE DRAB PAINT 
U. S. Army Standard 
W. D. 28 

Specification. 

Pigment 64% 

Liquid 36% 

The pigment portion shall consist of — 

White Lead (Basic Carbonate, Basic Sulphate, or a mixture 

J.1 / j. 1 XI \ • 


thereof) (not less than) ' 42% 

Zinc Oxide (not less than) — 33% 


The balance to consist of aluminum silicate, magnesium 
silicate, or a mixture* thereof, combined with the neces- 
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sary pure tinting colors to produce the desired shade. 

The liquid portion shall consist of — 

Pure raw linseed oil (not less than) 68%, the balance 
to be combined drier and thinner. The thinner shall con- 
sist of turpentine, or volatile mineral spirits, or a mixture 
thereof. 

Special Requirements: The paint shall weigh not less 
than 15 pounds per gallon, and shall dry within 18 hours 
to a full oil gloss. 

OLIVE DRAB PAINT— SPECIAL QUICK DRYING 
U. S. Army Standard 
W. D. 29 

Color identical with Olive Drab Paint, U. S. Army Standard. 

W. D. 28. 

Specification, 

Pigment 60% 

Liquid 40% 

The pigment portion shall consist of — 

White Lead (Basic Carbonate, Basic Sulphate, or a mixture 

thereof) (not less than) 42% 

Zinc Oxide (not less than) - - 33% 

The balance to consist of aluminum silicate, magnesium 
silicate, or a mixture thereof, combined with the neces- 
sary pure tinting colors to produce the desired shade. 

The liquid portion shall consist of treated ^ils or var- 
nish, and volatiles. The liquid portion must contain not 
less than 42% of non-volatiles, the balance'to be volatiles. 
Of the non-volatiles, not less than 80% must be pure lin- 
seed oil and pure Chinese wood oil (heat treated). The 
volatile portion shall consist of turpentine or volatile 
mineral spirits, or a mixture thereof. 

Special Requirements : This paint shall weigh not less 
than ISVo pounds per gallon and shall dry within 6 hours 
to a dull* finish. 
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OLIVE GREEN PAINT 
U. S. Army Standard 
W. D. 30 

Specification. 

Pigment 64% 

Liquid 36% 

The pigment portion shall consist of — 

White Lead (Basic Carbonate, Basic Sulphate, or a mixture 

thereof) (not less than) 42% 

Zinc Oxide (not less than) 33%? 

The balance to consist of aluminum silicate, magnesium 
silicate, or a mixture thereof,, combined with the neces- 
sary pure tinting colors to produce the desired shade. 

The liquid portion shall consist of — 

Pure raw linseed oil (not less than) 6S%, the balance 
to be combined drier and thinner. The thinner shall con- 
sist of turpentine or volatile mineral spirits, or a mixture 
thereof. 

Special Requirements : The paint shall weigh not less 
than 15 pounds per gallon and shall dry within 10 hours 
to a dull finish. 

ORANGE SHELLAC VARNISH 
W. D 31 

Specification 

This material shall consist of 4i/^ pounds of Shellac cut 
in one gallon of clear neutral denatured alcohol.* 

The shellac used shall be a high grade orange shellac 
which, when treated with hot 95%; alcohol, will not show 
a residue of insoluble matter exceeding 1.75%. 

The shellac shall be free from rosin and other adulter- 
ants. 

*The alcohol used shall be No. 1 Internal Revenue Dept* Standard con- 
sisting of 100 gallons of grain alcohol and 5 gallonsT approved wood alcohol. 
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PAINT AND VARNISH REMOVER 
U. S. Army Standard 
W. D. 32 

Specification. 

This shall be composed of suitable ingredients so com- 
bined as to be of the highest efficiency. 

It shall be free from mineral matter, alkalies or acids. 

It shall be light in color and satisfactory in working 
qualities, and efficient as a paint remover. 

These qualities will be determined by practical tests 
and comparisons. 


PROJECTILE PAINTS 
U. S. Army Standard 
For Exterior Use. 

General Requirements of All Projectile Paints. 

All projectile plants shall cover bright steel with one 
coat. They shall dry sufficiently hard to handle within 
one hour after application. They shall dry very hard 
within three hours after application, with a flat or semi- 
flat finish, to a tough, elastic film which will not flake,, 
scale or chip from the metal surface. They shall weigh 
between 13 and 16 lbs. per gallon, with the exception 
of black, which shall weigh between 71/2 and W2 lbs. per 
gallon. 


W. D. 33 

White Projectile Paint 
Specification. 

Pigment 60% 

Liquid 40% 

The pigmbnt portion shall consist of — 

Lithopone* (containing not less than 26% Zinc Sulphide) 90% 

Zinc Oxide... ...:. 10% 

The liquid portion ^hall consist of treated oils or var- 
nish, and volatiles. The liquid portion must contain not 

■tf ' . ' ■ 
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less than 33% of non- volatiles, the balance to be volatiles. 
Of the non-volatiles, not less than 80 must be pure lin- 
seed oil and pure Chinese wood oil (heat treated) . The 
volatile portion shall consist of turpentine or volatile min- 
eral spirits, or a mixture thereof. 

(See General Requirements above.) 

Light Olive Green Projectile Paint, Blue Gray Projec- 
tile Paint, Warm Gray Projectile Paint. 

These colors shall be identical in composition with the 
above white, except that they shall be tinted with puie 
tinting colors to the desired shades. 


U. S. Army Standard 
W. D. 34 

Blue Projectile Paint 

Specification 

Pigment 50% 

Liquid 50% 

The pigment portion shall consist of — 

Lithopone (containing not less than 26% Zinc Sulphide) .... 75% 
Neutral Blanc Fixe, combined with the necessary amount of 
Pure Chinese Blue to produce the desired shade (a total 
of) . 25% 

The composition of the liquid portion shall be identical 
with that used in the above white. W. D. 33. 

(See General Requirements.) 


W. D. 35 

Green Projectile Paint 
Specification 

ifrigment 64% 

Liquid 36% 

The pigment portion shall consist of — 


Lithopone (containing not less than 26% Zinc Sulphid^ 50% 

Chrome Green ^ 60% 


The chrome green must carry not less than 20% chem- 
ically pure chrome green, precipitated on an inert base. 
The base may consist of barium sulphate, aluminum sili- 
cate, magnesium silicate, silica or a mixture thereof. 
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The composition of the liquid portion shall be identical 
with that used in the above white. 

(See General Requirements.) 


W. D. 36 

Vermilion Projectile Paint 
Specification, 

Pigment 60% 

Liquid 40% 

The pigment portion shall consist of — 

Non-fading, organic para red, precipitated upon a white 
base, which shall consist of aluminum silicate, magnesium 
silicate, barium sulphate or other suitable inert materials. 

It shall contain pure organic coloring matter (nt less than) 10% 

The composition of the liquid portion shall be identical 
with that used in the above white. W. D. 33. 

(See General Requirements.) 

U. S. Army Standard 
W. D. 37 

Yellow Projectile Paint 
Specification, 

Pigment 66% 

Liquid 46% 

The pigment portion shall consist of — 

A mixture of yellow ochre, pure chrome yellow and iron 
oxide, in the proper proportions to pfodhce the desired 
shade. 

The composition of the liquid portion shall be identical 
with that used in the above white. W. D. 33. 

(See General Requirements.) 

W. P. 38 

Black Projectile Paint 
. Specification 

Pigment 8% 

Liquid^ 82% 
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The pigment portion shall consist of — 

Pure carbon black (a product of natural gas, contain- 
ing not more than 1.25% ash). 

The composition of the liquid portion shall be identical 
with that used in the above white. W. D. 33. 

(See General Requirements.) 

PUTTY 

U. S. Army Standard 
W. D. 39 

Specification 

85 7o Whiting. 

157 Pure Raw Linseed Oil. 

The Whiting shall be of the best quality, practically 
free from grit or alkali, and shall not contain more than 
19; of water. 

One pound sample shall be submitted with bid. 

REINFORCED RED LEAD PAINT 
U. S. Army Standard 
W. D. 40 

Specification 

Pigment 64% 

Liquid 36% 

The pigment portion shall consist of — 

Red lead (not less than) Q0 ^/( , the balance to be silicious 
matter, such as aluminum silicate, magnesium silicate, 
silica or a mixture thereof. 

g The red lead used shall contain not less than 85% 
Pb304, the balance to be PbO. 

The liquid portion shall consist of — 

Pure raw linseed oil (not less than) 90%, the balance to 
be combined drier and thinner. The thinner shall be tur- 
pentine. 

Special Requirements : The paint must weigh not less 
than 16 pounds per gallon. It is intended to be used for 
a priming coat on steel and when applied to a smooth 
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iron surface, it shall dry in 12 hours without running, 
streaking or sagging. 

SEAL BROWN PAINT 
U. S. Army Standard 
W. D. 41 

Specification 

Pigment 66% 

Liquid 46% 

The pigment portion shall consist of — 

Natural iron oxides, tinted to match the standard color. 
It shall contain at least 20% ferric oxide. 

The liquid portion shall consist of — 

Pure raw linseed oil (not less than) 75*^ , the balance 
to be combined drier and volatile mineral spirits. 

Special Requirements: The paint must weigh not less 
than 12l^ pounds per gallon and must dry within 18 
hours to a full oil gloss. 

SLATE PAINT 
U. S. Army Standard 
W. D. 42 

Specification 

Pigment 64% 

Liquid 36% 

The pigment portion shall consist of— 

White Lead (Basic Carbonate, Basic Sulphate, or a mixture 

thereof) (not less than) 427c 

Zinc Oxide (not less than) 33% 

The balance to consist of aluminum silicate, magnesium 
silicate, or a mixture thereof,, combined with the neces- 
sary pure tinting colors to produce the desired shade. 

The liquid portion shall consist of — 

Pure raw linseed oil (not less than) 68%, the balance 
to be combined drier and thinner. The thinner shall con- 
sist of tuiDentine, or volatile mineral spirits, or a mixture 
thereof. 
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Special Requirements: This paint shall weigh not less 
than 15 pounds per gallon and shall dry within 10 hours 
to a dull finish. 


STENCIL BLACK 
U. S. Army Standard 
W. D. 43 

Specification 

Pigment 50% 

Liquid 50% 

The pigment portion shall consist of — 


Drop Black ... 50% 

Calcium Carbonate . . 50% 

The liquid portion shall consist of — 

Varnish ... 70% 

Combined Drier and Thinner 30% 


The thinner shall consist of turpentine, or volatile min- 
eral spirits, or a mixture thereof. 

Special Requirement : The paint shall dry rapidly to a 
flat black surface that hides well. 

STENCIL WHITE 
U. S. Army Standard 
W. D. 44 


Specification 

Pigment 55% 

Liquid 45% 

The pigment portion shall consist of — 

Basic Sulphate White Lead and Zinc Oxide (a total of not less 


than) - - 25% 

Lithopone (containing not less than 26% Zinc Sulphide) (not 

less than) 25% 

The balance to be calcium carbonate. 

The liquid portion shall consist of — 

Varnish 70% 

Combined Drier and Thinner. 30% 
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The thinner shall be turpentine, or volatile mineral 
spirits, or a mixture thereof. 

Special requirement: The paint shall dry rapidly to a 
hat surface. 

VERMILION PAINT 
(Para Red) 

Liquid Form 
U. S. Army Standard 
W. D. 45 

Specification 

Pigment 50% 

Liquid 50% 

The pigment portion shall consist of — 

Non-fading organic para red, precipitated upon a white 
base, and shall contain at least 10% of pure organic color- 
ing matter. The balance shall consist of approximately 
10% of magnesium silicate and 80% of barium sulphate. 

The liquid portion shall consist of — 

Pure raw linseed oil (not less than) 85%, the balance 
to be combined drier and thinner. The' thinner shall con- 
sist of turpentine, or volatile mineral spirits, or a mixture 
thereof. 

Special Requirements : This paint shall weigh not less, 
than 12 pounds per gallon and shall dry within 10 houra 
to a full oil gloss. 


VERMILION 
(Para Red) 

Paste Form 
U. S. Army Standard 
W. D. 46 

Color identical with Vermilion in liquid form, U. S. Army Standard. 
^ Specification 

Pigment 8Q% 

Liquid 20% 

The pigment portion shall consist of — 

Non-fading organic para rjsd precipitated upon a white 
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base, and shall contain at least 10% of pure organic col- 
oring matter. The balance shall consist of approximately 
10% of magnesium silicate and 80% of barium sulphate. 

The liquid portion shall be pure raw linseed oil. 

Special Requirements : This paint shall be ground to a 
stiff paste which shall break up readily on thinning. It 
shall be resistant to excessive bleeding. 

One pound sample shall be submitted with bid. 

WHITE ENAMEL 
U. S. Army Standard 
W. D. 47 

Specification 

The pigment shall consist wholly of — 

Pure French process zinc oxide. 

The liquid shall consist of — 

High grade varnish resins or treated oils, with such 
volatiles as are necessary. It must not contain more than 
1% of moisture in any form. 

Special Requirements : This enamel shall be clear white 
and shall dry with a high lustre to a tough, elastic film, 
within 12 hours. When brushed on a panel of clean 
bright tin and allowed to dry for 48 hours, it shall with- 
stand bending over a rod (% inch in diameter) without 
showing cracking or flaking at the point of bending. 

WHITE LEAD— BASIC CARBONATE 
U. S. Army Standard 
W. D. 48 

0 Specification 

The dry pigment shall be of the best quality,, amor- 
phous in structure, and of great opacity. 

It shall not contain more than 0.5% moisture. 

Unless otherwise specified, this basic, carbonate white 
lead shall be delivered in paste form, finely ground in 
pure, clear raw or refined linseed oil in the proportion of : 

92 pounds Pigment. 

8 pounds Oil. 
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WHITE LEAD— BASIC SULPHATE 
U. S. Army Standard 
W. D. 49 

Specification 

The dry pigment shall be of the best quality, amorphous 
in structure, and of great opacity. 

It shall contain : 

Not more than 0.6 % Moisture 

Not more than 8.5 % Zinc Oxide (ZnO) 

Not more than .075% Sulphur Dioxide (SOj), and 
Not less than 12. % Lead Oxide (PbO). 

Unless otherwise specified, this basic sulphate-white 
lead shall be delivered in paste form, finely ground in 
pure, clear raw or refined linseed oil in the proportion of : 

90 pounds Pigment. 

10 pounds Oil. 

WHITE PAINT AND TINTED PAINTS MADE ON A 
WHITE BASE 

U. S. Army Standard 
W. D. 50 

Specification 

Pigment 64% 

Liquid 36% 

The pigment portion shall consist of — 


White Lead (Basic Carbonate, Basic Sulphate, or a mixture 

thereof) (not less than) - 46 Vi? 

Zinc Oxide (not less than).... t." 36%^ 


The balance to consist of aluminum silicate, magnesium 
silicate, or a mixture thereof, combined with the neces- 
sary pure tinting colors to produce the desired shade. 

The liquid portion ehall consist of — 

Pure raw linseed oil (not less than) 85%, the balance 
to be combined drier and thinner. The thinner shall con- 
sist of approximately equal parts of turpentine and Vola- 
tile mineral spirits. 

Special Requirements: These paints shall weigh not 
less than 15 pounds per gallon and shall dry within 18 
hours to a full oil gloss. 
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WHITE TARGET PAINT 
U. S. Army Standard 
W. D. 51 

Specification 

Pigment 55 
Liquid 45% 

The pigment portion shall consist of — 

Zinc Oxide (not less than) 50'>'r; 

(The zinc oxide used in this paint may be leaded zinc 
containing not over 5% of lead sulphate.) 

The balance to consist of magnesium silicate. 

The liquid portion shall consist of — 

Pure Refined Linseed Oil 50' ^ 

Varnish .. .... 25% 

Volatile Mineral Spirits 20%' 

Turpentine 5%; 

The non-volatile portion of the liquid shall be not less than 60% 

Special Requirements: The paint shall weigh not less 
than 12 pounds per gallon and shall dry rapidly to a semi- 
flat surface. 

WOOD FILLER 
(Liquid Form) 

U. S. Army standard 
W. D. 52 

Specification 

Pigment 17 tv 
Liquid 83% 

The pigment portion shall consist of — 

Finely divided silica that will pass through a 200 mesh 
screen. 

The liquid portion shall consist of — 

Varnish .. .. 77 %« 

The balance to be turpentine or volatile mineral spirits, 
or a mixture thereof. 

Special Requirements: When applied to wood, it shall 
dry in not more than 5 hours. It shall be of the proper 
consistency for either brushing or dipping. 
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ZINC WHITE PAINT 

II. S. Army Standard 
W. D. 53 

Specification 

Pigment 55% 

Liquid 45% 

The pigment portion shall be pure French process zinc 
oxide. 

The liquid portion shall consist of — 

Pure refined linseed oil (not less than) 70%, the bal- 
ance to be combined drier and thinner. The thinner shall 
be turpentine, or volatile mineral spirits, or a mixture 
thereof. 

Special Requirements: The paint shall weigh not less 
than 13 pounds per gallon and shall dry rapidly to a 
semi-flat surface. 



CHAPTER XXXVI 


Interdepartmental Specifications 

The United States Interdepartmental Committee on 
Paint Specification Standardization was appointed at the 
suggestion of the Secretary of Commerce. The Com- 
mittee consists of representatives of the War, Navy, Ag- 
riculture, Interior, Post Office, Treasury, and Commerce 
Departments, the Railroad Administration, the Panama 
Canal, and the Educational Bureau of the Paint Manu- 
facturers' Association of the United States. The present 
writer is the member representing the Educational Bu- 
reau above referred to. The Committee has met in 
Washington for a period of over a year, and has drawn up 
a series of specifications for linseed oil, turpentine, min- 
eral spirits, basic carbonate-white lead, basic sulphate- 
white lead, zinc oxide, leaded zinc, red lead, ochre, black 
paint, red paint, green paint, spar varnish, drier, com- 
posite paint oil, and similar materials. 

The published specifications contain the standards to- 
gether with methods of sampling, and complete methods 
of analysis. It would obviously be impossible to reprint 
all of these specifications in this volume. It is suggested, 
therefore, to those who may be interested in obtaining a 
complete set that they write to the Superintendent of Doc- 
uments, Government Printing Office, Washington, D. C. 
Each specification may be obtained for 5 cents per copy. 
Three of the most important specifications are presented 
herewith, namely, linseed oil, turpentine, and white paint. 
These three were selected because of the general import- 
ance of the^analytical data required for the determination 
of the quality of such widely used paint products. 
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RECOMMENDED SPECIFICATION FOR LINSEED 
OIL— RAW, REFINED, AND BOILED. 

1. GENERAL 

Linseed oil, raw, refined, or boiled, as specified in con- 
tract, shall be pure and shall conform to the following 
requirements : 


RAW LINSEED OIL 



Maximum i 

Minimum 

Loss on heating at 105 to 110® C (per cent) 

0.2 


Foots by volume (per cent) 

2.0 


Specific gravity 16.6/15.5® C 

I ,936 1 

0.932 

Acid number 

1 6.0 ' 


Saponification number 

195.0 

189.0 

Unsaponsifiable matter (per cent) 

1.5 


Iodine number (Hanus)a 


170.0 

Color 

Not darker than a 
freshly p r e p a red 
solution of 1.0 g 


potassium b i c hro- 
mate in 100 cc pure 
strong (1.84 speci- 
fic gravity) sul- 
phuric acid. 


a When raw linseed oil from North American seed is specified by the 
purchaser, the Iodine number must be not less than 180 and the oil* shall 
conform to all the other requirements as above. 
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REFINED LINSEED OIL 

Contract shall state whether acid refined or alkali re- 
fined is desired. 

Maximum Minimum 


Loss on heating at 105 to 110“ C (per cent) 0.2 , 

P'oots by volume (per cent). - .2 j 

Specific gravity at 15.5/16.5“ C .936 | 0.932 

Acid number (acid refined oil) ' 9.0 3.0 

Acid number (alkali refined oil) v. 3.0 

Saponification number . 195.0 189.0 

Unsaponifiable matter (per cent) 1.5 

Iodine number (Hanus) a ... ' .. i 170.0 

Color ... Not darker than a 


freshly prepared 
solution of 0.1 g 
potassium bichro- ' 
mate in 100 cc pure 
strong (1.84 speci- 
fic gravity) sul- 
phuric acid. 

1 

<{ When refined linseed oil from North Americun seed is specified by the 
purchaser, the iodine number must be not less than 180 and the oil shall 
conform to all the other requirements as above. 

BOILED LINSEED OIL 

Boiled oil shall be pure, well-settled linseed oil that has 
been boiled with oxides of manganese and lead. It shall 
conform to the following requirements : 

I 

I Maximum Minimum 


Loss on heating at 105 to 110“ C (per cent) 0.2 

Specific gravity at 15.5/16.5“ C .945 0.937 

Acid number. .. 8.0 

Saponification number 196.0 189.0 

Unsaponifiable matter (per cent) 1.50 

Iodine number. (Hanus)a 168.0 

Ash (per cent) . -7 ^ .2 

Manganese (per cent) .03 

Lead (per cent) * -1 

Time of drying on glass (hours) 20.0 


a When boiled linseed oil from North American seed is specified by the 
purchaser, the iodine number 'must be not less than 178 and the oil shall 
conform to all the other requirements as above. 
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2. SAMPLING 

The method of sampling given under (a) below should 
be used whenever it is feasible to apply it. To meet con- 
ditions when (a) is not applicable,, method (b), (c), or 
(d) is to be used, according to the special conditions that 
obtain. 

(а) During Loading of Tank Cars or Filling of Con- 
tainers for Shipment at the Factory, — The purchaser’s in- 
spector shall draw a sample at the discharge pipe where it 
enters the receiving vessel or vessels. The total sample 
shall be not less than 5 gallons and shall be a composite of 
small samples of not more than 1 pint each taken at regu- 
lar intervals during the entire period of loading or filling. 

The sample thus obtained shall be thoroughly mixed, 
and from this composite sample three portions of not less 
than 1 quart each shall be placed in clean dry glass bot- 
tles or tin cans which must be filled with the sample and 
securely stoppered with new clean corks or well-fitting 
metal covers or caps. These shall be sealed and labeled 
distinctly by the inspector, and one delivered to the buyer, 
one to the seller, and the third held for check in case of 
dispute. 

(б) From Loaded Tank Cars or Other Large Vessels . — 
The total sample shall be not less than 5 gallons and shall 
be a composite of numerous small samples of not more 
than 1 pint each taken from the top, bottom, and inter- 
mediate points by means of a glass or metal container 
with removable stopper or top. This device attached to a 
suitable pole is lowered to the various desired depths when 
the stopper or top is removed and the container allowed 
to fill. The sample thus obtained is handled as in (a) . 

(c) Barrels and Drums. — Not less than 6 per cent of 
the packages in any shipment or delivery of barrels and 
drums .shall be samj^d. The packages shall be shaken, 
rolled, and stirred to thoroughly mix the contents. The 
samples from the individual containers shall be taken 
through the bung hole or holes not less than inch in 
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diameter bored in the head or side for the purpose. The 
apparatus for drawing the sample shall consist of a glass 
tube about 1 inch in diameter and somewhat longer than 
the length or diameter of the oil container, a conical stop- 
per that will fit the glass tube and is not more than 1/2 inch 
long fastened to a stiff metal rod not more than inch in 
diameter and not less than 4 inches longer than the glass 
tube. The stopper is lowered by the rod until it rests on 
the bottom of the cask, the tube slipped down slowly over 
the rod, and finally pressed on the stopper. By holding 
tube and rod the column of oil can then be removed. This 
process is repeated until the required amount of sample 
is obtained, which must be not less than 2 gallons. This 
is mixed and handled as in (a). 

(d) Small Containers, Cans, etc,, of 10 Gallons or 
Less . — Small containers, cans, etc., of 10 gallons or less 
should be sampled while filling by method (a) whenever 
possible. When method (a) is not applicable, it is mu- 
tually agreed that: In all cases the total sample taken 
shall not be less than 3 quarts. This .shall be obtained by 
taking at least one package from each lot of not more than 
300 packages. The sample thus taken shall be thoroughly 
mixed and subdivided as in (a). 

3. LABORATORY EXAMINATION 

Samples shall, in general, be tested by the following 
methods, but the purchaser reserves the right to apply 
any additional tests such as specific tests for foreign oils, 
rosin, etc., or use any available information to ascertain 
whether the material meets the specification. The labora- 
tory sample shall be thoroughly mixed by shaking, stir- 
ring, or pouring from one vessel to another and the sam- 
ples for the individual tests taken from this thoroughly 
mixed sample. 

(a) Loss on Heating at 105 to 110° C . — Place 10 g. of 
the oil in an accurately weighed 200 cc. Erlenmeyer flask; 
weigh. Heat in an oven at a temperature between 105 
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and 110® C. for 30 minutes ; cool and weigh. Calculate the 
percentage loss. This determination shall be made in a 
current of dry carbon dioxide gas. 

(6) Foots . — ^With all materials at a temperature be- 
tween 20 and 27® C. mix, by shaking in a stoppered flask 
for exactly one minute, 25 cc. of the well-shaken sample 
of oil, 25 cc. of acetone (see 4(a) ) and 10 cc. of the acid 
calcium chloride solution (see 4(6) ). Transfer the mix- 
ture to a burette where settling can take place for 24 
hours. The temperature during this period should be 
between 20 and 27® C. 

The volume of the stratum lying between the clear 
calcium chloride solution and the clear acetone and oil 
mixture is read in tenths of a cubic centimeter or a frac- 
tion thereof. This reading multiplied by four expresses 
the amount of foots present as percentage by volume of 
the oil taken. 

(c) Specific Gravity . — Use a pyknometer accurately 
standardized and having a capacity of at least 25 cc. or 
any other equally accurate method, making the test at 
15.5® C., water being unity at 15.5“ C. 

{d) Acid Number . — ^Weigh from 5 to 10 g. of the oil. 
Transfer to a 350 cc. Erlenmeyer flask. Add 50 cc. of 
neutral 95 per cent ethyl alcohol. Put a condenser loop 
inside the neck of the flask. Heat on a steam bath for 30 
minutes. Cool and add phenolphthalein indicator. Ti- 
trate to a faint permanent pink color with th^ standard 
sodium hydroxide solution. Calculate the -acid number 
(milligrams KOH per gram of oil). . 

(e) Saponification Number . — ^Weigh about 2 g. of the 
oil in a 350 cc. Erlenmeyer flask. Add 25 cc. alcoholic 
sodium hydroxide solution. Put a condenser loop inside 
the neck of the flask and heat on the steam bath for one 
hour. Cool, add phenolphthalein as indicator, and titrate 
with half normal sulphuric acid. Run two blanks with 
the alcoholic sodium hydroxide solution. (See 4(fe).) 
These should check within 0.1 cc. N/2 H2SO4. From the 
difference between the number of cubic centimeters of 
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N/2 H2SO4 required for the blank and for the determina- 
tion, calculate the saponification number (milligrams 
KOH required for 1 g. of oil) . 

(/) Unsaponifiable Matter , — Weigh 8 to 10 g. of the 
oil. Transfer to a 250 cc., long-neck flask. Add 5 cc. of 
strong solution of sodium hydroxide (equal weights of 
NaOH and H^O), and 50 cc. 95 per cent ethyl alcohol. 
Put a condenser loop inside the neck of the flask and boil 
for two hours. Occasionally agitate the flask to break up 
the liquid but do not project the liquid onto the sides of 
the flask. At the end of two hours remove the condenser 
and allow the liquid to boil down to about 25 cc. 

Transfer to a 500 cc. glass-stoppered separatory funnel, 
rinsing with water. Dilute with water to 250 cc., add 
100 cc. redistilled ether. Stopper and shake for one min- 
ute. Let stand until the two layers separate sharp and 
clear. Draw all but one or two drops of the aqueous layer 
into a second 500 cc. separatory funnel and repeat the 
process using 60 cc. of ether. After thorough separation 
draw off the aqueous solution into a 400 cc. beaker, then 
the ether solution into the first separatory funnel, rinsing 
down with a little water. Return the aqueous solution to 
the second separatory funnel and shake out again with 
60 cc. of ether in a similar manner, finally drawing the 
aqueous solution into the beaker and rinsing the ether 
into the first separatory funnel. 

Shake {he combined ether solution with the accumu- 
lated water rinsings and let the layers separate sharp and 
clear. Draw off the water and add it to the main aqueous 
i^solution. Shake the ether solution with two portions of 
water (about 25 cc. each) . Add these to the main water 
solution. 

Swirl the separatory funnel so as to bring the last 
drops of water down to the stopcock, and draw off until 
the ether solution just fills the bore of fhe stopcock. Wipe 
out the stem of the separatory funnel with a bit of cotton 
on a wire. Draw the ether solution (portionwise if neces- 
sary) into a 250 cc. flask and distill off. While still hot. 
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drain the flask into a small weighed beaker, rinsing with 
a little ether. Evaporate this ether, cool and weigh. (The 
unsaponifiable oil from adulterated drying oils is volatile 
and will evaporate on long heating. Therefore heat the 
beaker on a warm plate, occasionally blowing out with a 
current of dry air. Discontinue heating as soon as the 
odor of ether is gone.) 

(g) Iodine Number. — Place a small quantity of the 
sample in a small weighing burette or beaker. Weigh 
accurately. Transfer by dropping about 0.15 g. (0.10 to 
0.20 g.) to a 500 cc. bottle having a well-ground glass 
stopper, or an Erlenmeyer flask having a specially flanged 
neck for the iodine test. Reweigh the burette or beaker 
and determine the amount of sample used. Add 10 cc. of 
chloroform. Whirl the bottle to dissolve the sample. 
Add 10 cc. of chloroform to two empty bottles like that 
used for the sample. Add to each bottle 25 cc. of the 
Hanus solution (see 4 (g)) and let stand with occasional 
shaking for one-half hour. Add 10 cc. of the 15 per cent 
potassium iodide solution and 100 cc. of water, and titrate 
with standard sodium thiosulphate ifsing starch as indi- 
cator. The titrations on the two blank tests should agree 
within 0.1 cc. From the difference between the average 
of the blank titration and the titration on the samples 
and the iodine value of the thiosulphate solution, calculate 
the iodine number of the samples tested. (Iodine number 
is centigrams of iodine to 1 g. of sample.) 

(h) Ash. — Tare a porcelain crucible or dish. Add 10 
to 25 cc. of oil, carefully weighing the amount added. 
Place on a stone slab on the floor of a hood. Ignite by 
playing the flame of a burner on the surface of the oil 
and allow to burn quietly until most of the oil is burned 
off ; then transfer to a muffle or over a flame and continue 
heating at a very low temperature (not over a dull red) 
until aU^carbonacteous matter is consumed. Cool, weigh, 
and calculate the percentage of ash. Moisten the ash with 
a few drops of water -arid test with litmus paper. Record 
whether neutral or alkaline. Wash any ash adhering to 
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the test paper back into the crucible. Dissolve the ash in 
dilute nitric acid to which a little hydrogen peroxide has 
been added. After solution is complete make up the vol- 
ume to about 50 cc. with nitric acid and water so that the 
final volume will contain about 1 volume of concentrated 
nitric acid and 3 volumes of water. Boil to remove excess 
of hydrogen peroxide. Determine manganese by the bis- 
muthate method as described in Treadw^ell-Hall, Analyti- 
cal Chemistry, third edition, volume 2, page 617. 

Ash another portion of the oil and dissolve the ash as 
above in nitric acid and hydogen peroxide. Transfer to 
a 250 cc. beaker and dilute to about 200 cc. This volume 
of solution should contain 15 to 20 cc. of concentrated 
nitric acid. Electrolyze this solution using platinum elec- 
trodes (the anode being previously weighed) with a cur- 
rent density of about 0.5 ampere and 2 to 2.5 volts. It is 
best to pass the current overnight (about 15 hours). On 
removing the anode,, it is carefully washed in clear water, 
dried in a steam oven, transferred to an oven where it is 
heated to ISO'" C., cooled and weighed. The increase in 
weight of the anode multiplied by 0.86 gives the weight 
of lead in the sample. Calculate to percentage. If de- 
sired, the lead may be determined by the sulphate or any 
other accurate method in place of the electrolytic method 
given above. 

(i) Time of Drying on Glass , — Flow the oil over a per- 
fectly clean glass plate and allow to drain in a vertical 
position in a well-ventilated room at a temperature be- 
tween 15 and 39 ^ After about 2 hours the film is tested 
at inten^als with the finger at points not less than 21/2 
Tm. from the edges. The film will be considered dry when 
it adheres no longer to the finger and does not rub up ap- 
preciably when the finger is rubbed lightly across the 
surface. With boiled linseed oil this usually occurs in 
from 5 to 18 hours. 

(j) Color , — Prepare a fresh solution of pure potassium 
bichromate in pure strong (1.84 specific gravity) colorless 
sulphuric acid. For raw oil, this solution should be in the 
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proportion of 1.0 g. potassium bichromate to 100 cc. 
(184.0 g.) sulphuric acid. For refined oil, the solution 
should be in the proportion of 0.1 g. potassium bichromate 
to 100 cc. sulphuric acid. Place the oil and colored solu- 
tion in separate thin-walled, clear glass tubes of the same 
diameter (1 to 2 cm.) to a depth of not less than 2.5 cm. 
and compare the depths of color by looking transversely 
through the columns of liquid by transmitted light. 

4. REAGENTS FOR TESTING 

The following reagents will be required : 

(a) Acetone that will pass the specification of the 
United States Pharmacopoeia. 

(h) Acid Calcium Chloride Solution. — Saturate with 
calcium chloride a mixture of 90 parts water and 10 parts 
concentrated hydrochloric acid (specific gravity 1.2). 

(c) Standard Sodium Thiostdphate Solution. — Dissolve 
pure sodium thiosulphate in distilled water that has been 
well boiled to free it from carbon dioxide in the proportion 
so that 24.83 g. crystallized sodium thiosulphate will be 
present in 1000 cc. of the solution. It is best to let this 
solution stand for about two weeks before standardizing. 
Standardize with pure resublimed iodine. (See Analyti- 
cal Chemistry, Treadwell-Hall, Vol. il, 3d ed., p. 646.) 
This solution will be approximately decinormal, and it is 
best to leave it as it is after determining its exact iodine 
value, rather than to attempt to adjust it to exactly deci- 
normal strength. Preserve in a stock bqttla provided with 
a guard tube filled with soda lime. 

(d) Starch Solution. — Stir up 2 to 3 g. of potato starch 
or 5 g. soluble starch- with 100 cc. of 1 per cent salicylic 
acid solution, add 300 to 400 cc. boiling water, and boil 
the mixture until the starch is practically dissolved. Di- 
lute to 1 liter. 

(e) Stmdard Iodine Solution. — Dissolve 13 g. of re- 
sublimed iodine and 18 g. of pure potassium iodide (free 
from iodates) in 50 cc. of distilled water, and dilute to 
1000 cc. Determine its exact value by titrating with the 
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standard sodium thiosulphate solution. 

(/) Potassium Iodide Solution, — Dissolve 150 g. of po- 
tassium iodide free from iodate in distilled water and 
dilute to 1000 cc. 

(g) Hanus Solution, — Dissolve 13.2 g. of iodine in 1000 
cc. of glacial acetic acid (99.5 per cent) that will not re- 
duce chromic acid. Add enough bromine to double the 
halogen content, determined by titration (3 cc. of bromine 
is about the proper amount) . The iodine may be dissolved 
by the aid of heat, but the solution should be cold when 
the bromine is added. 

(h) Standard Sodium Hydroxide Solution. — Prepare 
a stock concentrated solution of sodium hydroxide by dis- 
solving sodium hydroxide in water in the proportion of 
200 g. NaOH to 200 cc. water. Allow this solution to cool 
and settle in a stoppered bottle for several days. Decant 
the clear liquid from the precipitate of sodium carbonate 
into another clean bottle. Add clear barium hydroxide so- 
lution until no further precipitate forms. Again allow to 
settle until clear. Draw off about 175 cc. and dilute to 
10 liters with freshly boiled distilled water. Preserve in 
a stock bottle provided with a large guard tube filled with 
soda lime. Determine the exact strength by titrating 
against pure benzoic acid (C„H.r,COOH) using phenolptha- 
lein as indicator. (See Bureau of Standards Scientific 
Paper 183.) This solution will be approximately one- 
fourth normal, but do not attempt to adjust it to any 
exact value. Determine its exact strength and make 
proper corrections in using it. 

(i) Alcoholic Sodium Hydroxide Solution, — Dissolve 
pure sodium hydroxide in 95 per cent ethyl alcohol in the 
proportion of about 22 g. per 1000 cc. Let stand in a stop- 
pered bottle. Decant the clear liquid into another bottle, 
and keep well stoppered. This solution should be colorless 
or only slightly yellow when used; if will keep colorless 
longer if the alcohol is previously treated with NaOH 
(about 80 g. to 1000 cc.) , kept at about 50° C. for 15 days, 
and then distilled. 
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(;) Half Normal Sulphuric Acid Solution , — Add about 
15 cc. sulphuric acid (1.84 specific gravity) to distilled 
water, cool and dilute to 1000 cc. Determine the exact 
strength by titrating against freshly standardized sodium 
hydroxide or by any other accurate method. Either ad- 
just to exactly half normal strength or leave as originally 
made, applying appropriate correction. 

5. BASIS OF PURCHASE 

Material is to be purchased by weight or volume as 
specified in the contract. When purchased by weight, the 
price shall be quoted per pound or per hundred pounds. 
When purchased by volume, a gallon of oil shall mean 231 
cubic inches, at 15.5“ C. 

RECOMMENDED SPECIFICATIONS FOR 
TURPENTINE 

(Gum Spirits and Wood Turpentine) 

I. GENERAL. 

These specifications apply both to the turpentine which 
is distilled from pine oleoresins, commonly known as gum 
spirits or spirits of turpentine, and to turpentine com- 
monly known as wood turpentine, which is obtained from 
resinous wood, whether by steam or by destructive distil- 
lation. When ordering under these specificatiions, the 
purchaser shall specify whether (a) gum spirits or- (&) 
wood turpentine is desired. When wood turpentine is. 
specified, it may be stated whether steaih -or destruc- 
tively distilled wood turpentine shall be furnished. 

Turpentine shall be pure and conform to the following 
requirements : 

Appearance. — Shall be clear and free from, suspended 
matter and wjater. 

COLOR.-7-Shall be ^‘standard” or better. 

Odor. — Shall be characteristic of the variety of turpen- 
tine specified and, if desired, shall conform to the odor of 
the sample agreed upon. 
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Maximum 

Minimum 

Specific gravity, 15.5/15.5® C 

0.875 

0.862 

Refractive index at 20 ® C 

1.478 

1.468 

Residue after polymerization with 38A^ H 2 SO 4 : 



Gum spirits — 



Volume (per cent) ... 

2.0 


Refractive index at 20® C 


1.500 

Wood turpentine — 



Volume (per cent) 

i 2.5 


Refractive index at 20° C 

1 

1.496 

Initial boiling point at 760 mm pressure 

160° C 

150° C 

Distilling below 170° C at 760 mm pressure 



(per cent) .. .. 


90 


2. DETECTION AND REMOVAL OF SEPARATED WATER. 

Draw a portion by means of a glass or metal container 
with a removable stopper or top, or with a “thief,'' from 
the lowest part of the container, or by opening the bottom ‘ 
valve of the perfectly level tank car. If water is found 
to be present, draw it all out, record the quantity, and 
deduct it from the total volume of liquid delivered. 

3. SAMPLING. 

The method of sampling given under (a) should be 
used whenever feasible. When method (a) is not appli- 
cable, method (b), (c), or (d) is to be used according to 
the special conditions that obtain. 

(a) While Loading Tank Car or While Filling Contain- 
ers for Shipment . — Samples shall be drawn by the pur- 
chaser's inspector at the discharge pipe where it enters 
the receiving vessel or vessels. The composite sample 
shall be not less than five gallons and shall consist of 
small portions of not more than onb quart each taken 
at regular intervals during the entire period of loading 
or filling. 

The composite sample thus obtained shall be thoroughly 
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mixed and from it three samples of not less than one 
quart each shall be placed in clean, dry, glass bottles or 
tin cans, which must be nearly filled with the sample and 
securely stoppered with new, clean corks or well-fitting 
covers or caps. These shall be sealed and distinctly 
labeled by the inspector; one shall be delivered to the 
buyer, one to the seller, and the third held for check in 
case of dispute. 

(6) From Loaded Tank Car or Other Large Vessel . — 
The composite sample taken shall be not less than five 
gallons and shall consist of numerous small samples of 
not more than one quart each taken from the top, bottom, 
and intermediate points by means of a metal or glass con- 
tainer with removable stopper or top. This device, at- 
tached to a suitable pole, is lowered to the various desired 
depths, when the stopper or top is removed and the con- 
tainer allowed to fill. The sample thus obtained is han- 
dled as in (a). 

(c) Barrels and Drums , — Barrels and drums shall be 
sampled after gauging contents. Five per cent of the 
packages in any shipment or delivery shall be repre- 
sented in the sample. Thoroughly mix the contents of 
each barrel to be sampled by stirring with a clean rod 
and withdraw a portion from about the center by means 
of a ‘"thief” or other sampling device. The composite 
sample thus obtained shall be not less thaa^three quarts, 
shall consist of equal portions of not less than one-half 
pint from each package sampled, and shall be handled as 
in (a). Should the inspector suspect adulteration, he shall 
draw the samples from the suspected packages. 

(d) Small Containers, Cans, etc,, of 10 Gallons or 
Less , — These should be sampled, while filling, by method 
(a) whenever possible; but in case this is impossible the 
composite sample t^ken shall be not less than three 
quarts.- This shall be drawn from at least five packages 
(from all when fewer), and in no case from less thaq 
2 per cent of the p^kages. The composite sample thus 
takc^ shall be thoroughly mixed and subdivided as in (a). 
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4. LABORATORY EXAMINATION. 

Samples will, in general, be tested by the following 
methods; but the purchaser reserves the right to apply 
any additional tests or use any available information to 
ascertain whether the material meets the specifications: 

(a) Appearance, — Examine to determine compliance 
with the specifications. 

{h) Color, — Fill a 200 mm. perfectly flat-bottomed 
colorimeter tube, graduated in millimeters, to a depth of 
from 40 to 50 mm. with the turpentine to be examined. 
Place the tube in a colorimeter and place on or under it a 
No. 2 yellow Lovibond glass. Over or under a second 
graduated tube in the colorimeter, place a No. 1 yellow 
Lovibond glass and run in the same turpentine until the 
color matches as nearly as possible the color in the first 
tube. Read the difference in depth of the turpentine in 
the two tubes. If this difference is 50 mm. or more, the 
turpentine is ''standard” or better. 

(c) Odor, — Determine by comparison with several 
samples of known purity,, which have been kept in the 
dark in completely filled, well-stoppered bottles and are 
free from separated water. 

(d) Specific Gravity , — Determine at 15.5/15.5“ C., in a 
pycnometer accurately standardized and having a ca- 
pacity of at least 25 cc., or by any other equally accurate 
method. 

(e) Refractive Index, — Determine refractive index at 
20“ C. with an accurate instrument. When the refractive 
index is determined at any other temperature, the read- 
ings obtained shall be corrected to 20“ C. by adding to or 
by subtracting from the actual reading 0.00045 for each 
degree centigrade that the temperature at which the de- 
termination was made is, respectively,, above or below 
20“ C. 

(/) Distillation, — Apparatus, — Co'ndenser, — The type 
of apparatus (see Fig. 74) adopted by the American So- 
ciety for Testing Materials for the distillation of paint 
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thinners other than turpentine, substituting for the ther- 
mometer there described* an immersed thermometer such 
as is described below, is preferred. In case the A. S. T. M. 
distillation apparatus is not available, use an ordinary 
straight glass-tube condenser, about 22 inches long, with 
16 inches in contact with the cooling water. The end of 
the condenser tube should be fitted with an adapter or 
should be bent down to a nearly vertical position, and the 
tip should be cut off or ground down at an acute angle. 
The tip should extend a short distance into the receiving 
cylinder. 

Flask , — Comparable results can be obtained only by 
using fiasks of the same dimensions. The distilling flask 
used shall be the standard Engler flask, as used for pe- 
troleum distillation, having the following dimensions: 
Diameter of bulb, 6.5 cm. ; cylindrical neck, 15 cm. long, 
1.6 cm. internal diameter; side or vapor tube, 10 cm. long, 
0.6 cm. external diameter, attached to neck at an angle 
of 75°, so that when the flask contains its charge of 
100 cc. of oil the surface of the liquid shall be 9 cm. below 
the bottom of the junction of the side tube and neck. 

Support for Flask , — Support the flask on a plate of as- 
bestos 20 cm. in diameter, having an opening 4 cm. in 
diameter in its center, and heat with an Open flame. Sur- 
round the flask and burner with a shield to prevent fluctu- 
ation in the temperature of the neck of the flask. Or, 
support the flask in a metal cup, 15 to 20 cm. in diameter, 
containing high-boiling mineral oil or glycerin and fitted 
with a concave cover having in the center a circular open- 
ing 51/2 to 6 cm. in diameter. In all cases take the neces- 
sary precautions to prevent fluctuation in temperature in 
the neck of the flask. 

Thermometer.-^The thermometer used for turpentine 
distillation shall conform to the following specifications: -r' 

It shall be graduated from 145° to at least 200° C. in 

♦A. S. T. M. SlandardB, p.'607: 1918. 
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0.2'’ intervals. Thermometers graduated above 200'’ C. 
may be used, provided they also comply with the follow- 
ing requirements: Length, bottom of thermometer to 
175'’ mark, not more than 8 nor less than 6.5 cm. Length, 
top of bulb to 145“ mark, not less than 1.5 cm. Length, 
145 to 175'’ mark, not more than 6 cm. 

The thermometer shall be made of suitable thermo- 
metric glass and thoioughly annealed, so that the scale 
errors will not increase after continued heating. 

The thermometer shall be filled above the mercury with 
an inert gas, with sufficient pressure above the mercury 
column to prevent breaking of the column. It shall have 


Fig. 74 

DISTILLATION APPARATUS. 



come excessive at the highest temperature. 
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Every fifth graduation shall be longer than the inter- 
mediate ones, and the marks shall be numbered at each 
interval of 6°. The graduation marks shall be clear-cut 
and fine and the numbering clear-cut and distinct. 

The error Rt any point on the scale shall not exceed 
+ 0.5° C. when tested for total immersion of the mercury 
column. 

Receiving Cylinder . — Collect the distillate in an accu- 
rately graduated 50 or 100 cc. cylinder. The so-called 
normal or precision cylinder of 50 cc. capacity, having an 
internal diameter of 1.5 cm. and graduated in 0.2 cc., is 
preferred. If a cylinder with larger inside diameter is 
used, a pasteboard cover should be placed over the top and 
surround the condenser tube. 

Operation . — Place 100 cc. of the turpentine and several 
small pieces of pumice (or glass) in the distilling flask, 
fit the thermometer so that the top of the mercury bulb 
is level with the bottom of the side tube, and the 175° C. 
(347° F.) mark is below the cork. Place the flask in po- 
sition on the asbestos board or oil bath and connect with 
the condenser. Apply the heat cautiously at first, and, 
when distillation begins, regulate the heat so that the tur- 
pentine distills at the rate of not less than 4 nor more 
than 5 cc. per minute (approximately two drops per sec- 
ond) . The initial boiling point is the thermometer read- 
ing at the instant when the first drop falfs from the end 
of the condenser. Discontinue distiflatipn when the tem- 
perature reaches 170.0° C. (338°F.), or m equivalent 
thereof, depending on the atmospheric pressure, as out- 
lined below ; let the condenser drain and read the percent- 
age distilled. 

The percentage distilled below successive selected tem- 
peratures and' the temperature at which each successive 
10 cc.‘ distills may also be determined, if desired, making 
the necessary correction of the temperature for variatioi|s 
in atmospheric pressure. 
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Correction for Variation in AtmospheriQ Pressure , — 
Since distillation results are comparable only when ob- 
tained under exactly the same pressure conditions, tur- 
pentine shall be distilled at that pressure which, at room 
temperature, is equivalent to a pressure of 760 mm. of 
mercury at 0“ C. Whenever the atmospheric pressure 
after correcting to O'" C. is other than 760 mm., a correc- 
tion must be made. Since alteration of the pressure in 
the distilling system requires rather complicated appa- 
ratus, it is simpler to alter the temperature observation 
points to correspond to the prevailing pressure. 

To determine what the atmospheric pressure at the pre- 
vailing room temperature, or at the temperature of the 
barometer, would be at 0° C., read the barometer and 
thermometer alongside when about to begin distillation. 
Under the column nearest the observed pressure reading, 
and on the line nearest the observed temperature of the 
barometer will be found the correction which must be 
subtracted from the observed pressure reading to obtain 
the equivalent, or true, reading at 0“ C. 

The distilling temperature of turpentine is affected plus 
(+) or minus ( — ) 0.057*' C. for each millimeter variation 
of the barometer above or below the normal 760 mm. at 
0° C*. If the barometer reading, after correcting to 0° C., 
is below 760 mm., the turpentine will distill at a slightly 
lower temperature than under normal pressure. There- 
fore, the temperature recorded at the beginning of dis- 
tillation (and any others observed during the course of 
the distillation) must be corrected to get its equivalent at 
normal pressure. The final temperature observation point 
(170*' C. of the specifications) must be altered accordingly 
to get its equivalent at the pressure (corrected to — “ C.) 
at which distillation is made. 

For example, if the barometer reading* after correct- 
ing to 0*' C., is 750 mm., the correction of the observed 
initial distilling temperature will be 0.057 X 10 mm. = 

♦Landolt-Bornstein Physikalisch-Chemische Tabellen, Ed. 4, Table 127, 
p. 435. 
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0.6“ C. approximately. If the reading of the thermome- 
ter when the turpentine begins to distill is ISS.G'* C., the 
corrected initial distilling temperature will be 155.6“ + 
0.6“ = 156.2“ C. Furthermore, the temperature observa- 
tion point at end of distillation (170.0“ C. at 760 mm.) 
must be altered to the same extent. Since the turpen- 
tine is distilling 0.6“ C. below what it would at normal 
pressure, distillation must be discontinued at 0.6“ C. below 
the specified limit of 170.0“ C. to determine the percent- 
age distilling below 170.0“ C. 

If the barometer reading corrected to 0“ C. is above 
760 mm., subtract the temperature correction from the 
observed thermometer reading to determine the initial 
distilling point, and continue distillation to 170.0“ C. plus 
the correction to determine the percentage distilling be- 
low 170.0“ C. 

(o) Polymerization . — Place 20 cc. of 38 N (equivalent 
to 100.92 per cent H0SO4) sulphuric acid in a graduated, 
narrow-necked Babcock flask, stopper, and place in ice 
water to cool. Add slowly, from a pipette, 5 cc. of the 
turpentine to be examined. Gradually mix the contents, 
keeping warm, but being very careful that the tempera- 
ture does not rise above 60“ C. When the mixtui’e no 
longer warms up on shaking, agitate thoroughly and place 
the flask in a water bath and heat at 60 to 65^! C. for not 
less than 10 minutes, keeping the contents of the flask 
thoroughly mixed by vigorous shaking for one-half min- 
ute each time, six times during the period. Do' not stop- 
per the flask after the turpentine has been added, as it 
may explode. Cool to room temperature, All the flask 
with concentrated sulphuric acid until the unpolymerized 
oil rises into the graduated neck and centrifuge from 
four to five minutes at not less than 1200 r. p. m., or 
for 15 minutes at 900 r. p. m., or allow to stand, lightly 
stoppered, for 12 hours. . Calculate the percentage, note 
the consistency and color, and determine the refractive 
index Xat 20“ C.) of the unpolymerized residue. The con- 
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sistency should be viscous and the color straw or darker. 

Reagent for Testing , — ^In a weighed glass-stoppered 
bottle (the regular 21 / 2 -liter acid bottle is of a convenient 
size) mix ordinary concentrated sulphuric acid (sp. gr. 
1.84) with fuming sulphuric acid. If the fuming acid 
used contains 50 per cent excess SO 3 , the ratio of one part, 
by weight, of the former to three-fourths of a part, by 
weight, of the latter will give a mixture slightly stronger 
than the required strength. To determine the exact 
strength of this mixture in terms of H.SO 4 , weigh ex- 




Fig. 75 

Acid Bottle and Pipette 
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actly, in a weighing pipette of about 10 cc. capacity, ap- 
proximately 20 g. of the acid. Allow it to flow down 
the sides of the neck into a 1000-cc. volumetric flask con- 
taining about 200 cc. of distilled water. When the pipette 
has drained, wash all traces of the acid remaining in the 
pipette into the flask, taking precautions to prevent loss 
of SO3, and make up to the mark. Titrate 20-cc. portions, 
drawn from a burette, against half normal alkali. Cal- 
culate the concentration in terms of the percentage of 
H2SO4 in the sample taken. 

In the same way determine the percentage of H2SO4 in 
the stock of ordinary concentrated acid (sp. gr. 1.84). 
From these data calculate the quantity of the latter which 
must be added to the quantity of mixed acid in the 
weighed bottle to bring it to a concentration, in terms of 
H2SO4, of 100.92 per cent. 

After adjusting the concentration by the addition of 
the ordinary sulphuric acid, thoroughly shake the bottle 
of mixed acid and again determine its concentration. The 
allowable variation is + 0.05 per cent Finally as 

a check run a polymerization test on gum turpentine 
known to be pure. The residue should fall below 2 per 
cent. 

Special precautions must be taken to prevent dilution 
of this acid by the absorption of atmospheric moisture. 
The arrangement shown in Fig. 75 is most i^itable for 
storing and delivering measured quantities of this 
reagent. 

With the three-way stopcocks A and B in the position 
shown, acid is siphoned into the pipettte P, the displaced 
air passing into P. To empty the pipette, A and B are 
turned to the position shown by the broken lines, air 
passing in at The acid adhering to the walls of the 
pipette dries this airs^o that when it passes into R on 
again filling the pipette there is no accumulation of mois- 
ture in the acid remaining in the reservoir. If such ar- 
rangement is not to be ha4, the acid should be kept in 
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well-fitting glass-stoppered bottles of not more than one-^ 
half liter capacity. 


RECOMMENDED SPECIFICATIONS FOR WHITE 

PAINT AND TINTED PAINTS MADE ON A WHITE 

BASE— SEMIPASTE AND READY MIXED^ 

1. GENERAL 

White paint and tinted paints made on a white base 
may be ordered either in the form of semipaste pigment 
ground in linseed oil, or of ready-mixed paint. 

The semipaste shall be purchased by net weight, the 
ready-mixed paint either by weight or volume (231 cubic 
inches to the gallon). 

(a) Pigment , — The pigment shall be composed of : 



Maximum 

Minimum 

White lead (basic carbonate, basic sulphate, 

Per cent 

Per cent 

or a mixture thereof) 

70 

45 

Zinc oxide (ZnO) 

Silica, magnesium silicate, aluminum sili- 
cate, barium sulphate, pure tinting 
colors, or any mixture thereof 

56 

30 

15 

0 


In no case shall the sum of the basic lead carbonate, 
basic lead sulphate, and zinc oxide be less than 85 per 
cent. The lead and zinc pigments may be introduced in 
the form of any mixture preferred of basic carbonate 
white lead, basic sulphate white lead, zinc oxide, or leaded 
zinc, provided the above requirements as to composition 
are met.^ 

(b) Liquid . — The liquid in semipaste paint shall be en- 
tirely pure raw or refined linseed oil; in ready-mixed paint 

1 It is believed that this specification admits practically all high-grade 
prepared paints generally available in the United States, and which are 
therefore obtainable without requiring nianufacturers to make up special 
lots. On large contracts for which paint will be specially made, the pur- 
chaser may require the bidder to submit the formula of the paint he pro- 
poses to furnish as conforming to the specifications. 


467 





PAPERS ON PAINT AND VARNISH 


it shall contain not less than 90 per cent pure raw 
linseed oil, the balance to be combined drier and thinner. 
The thinner shall be turpentine, volatile mineral spirits, 
or a mixture thereof. 

(c) Semipaste . — Semipaste shall be made by thor- 
oughly grinding the pigment with pure raw or refined lin- 
seed oil. 

The semipaste as received and three months thereafter 
shall be not caked in the container and shall break up 
readily in linseed oil to form a smooth paint of brushing 
consistency. It shall mix readily with linseed oil, turpen- 
tine, or volatile mineral spirits, or any combination of 
these substances, in all proportions without curdling. 
The color and hiding power when specified shall be equal 
to that of a sample mutually agreed upon by buyer and 
seller. The weight per gallon shall be not less than 19.0 
pounds. The paste shall consist of : 



Maximum 

Minimum 

Pigment _ . . 

Linseed oil 

Moisture and other volatile matter 

Coarse particles and “skins” (total residue 
retained on No. 200 screen based on 
pigment)^ 

Per cent 
77 

1 27 

0.7 

0.5 

Per cent 

73 

23 

1 

1 


iThe No. 200 screen is the same as the screen , fojsraerly known as 
200-mesh. 


(d) Ready-Mixed Pamf.— Ready-mixed paints shall be 
well ground, shall not sel;tle badly or cake in the container, 
shall be readily broken up with a paddle to a smooth, uni- 
form paint of good brushing consistency, and shall dry 
within 18 hours to a full oil gloss, without streaking, run- 
ning or sfiCgging. The color and hiding power when speci- 
fied shali be equal to those, of a sample mutually agreed 
upon by buyer and seller. The weight per gallon shall be 
not less lhan 15% pounds. The paint shall consist of : 
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Maximum 

Minimum 

Pigment 

Per cent 
66 

Per cent 
62 

Liquid (containing at least 90 per cent lin- 
seed oil) 

38 


Water 

0.5 


Coarse particles and “skins” (total residue 
retained on No. 200 screen based on 
pigment) 

o 




2. SAMPLING 

It is mutually agreed by buyer and seller that a single 
package out of each lot of not more than 1000 packages 
be taken as representative of the whole. Whenever pos- 
sible an original unopened container shall be sent to the 
laboratory, and when this is for any reason not done, the 
inspector shall determine by thoroughly testing with a 
paddle or spatula whether the material meets the require- 
ment regarding caking in the container. He shall then 
thoroughly mix the contents of the container and draw a 
sample of not less than 5 pounds of the thoroughly mixed 
paint, place it in a clean, dry metal or glass container, 
which must be filled with the sample, closed with a tight 
cover, sealed, marked, and sent to the laboratory for test 
with the inspector's report on caking in container. 

When requested, a duplicate sample may be taken from 
the same package and delivered to the seller, and the in- 
spector may take a third sample to hold for test in case 
of dispute. 

Samples will, in general, be tested by the following 
methods, but the purchaser reserves the right to apply 
any additional tests, or use any available information 
to ascertain whether the material meets the specification. 

3. LABORATORY EXAMINATION— SEMIPASTE 

(a) Caking in Container . — ^When an original package 
is received in the laboratory it shall be weighed, opened 


469 





PAPERS ON PAINT AND VARNISH 


and stirred with a stiff spatula or paddle. The paste must 
be no more difficult to break up than a normal good grade 
of aemlpaste paint. The semi^te shall finally be thor- 
{^hly mixed, removed from the container, and the con- 
tainer wipeS clean and weighed. This weight subtracted 
from the weight of the original package gives the net 
weight of the contents. A portion of thoroughly mixed 
semipaste shall be placed in a clean container and the por- 
tions for the remaining tests promptly weighed out. 

(6) Color , — Place some of the paint on a clean, clear 
glass plate. Place some of the standard agreed upon be- 
side the sample on the plate,, turn the glass over, and 
compare the colors. 

(r) Weight per Gallon , — From the weight of a known 
volume of the paste calculate the specific gravity, which 
multiplied by &.S4 gives the weight in pounds per gallon. 
Any suitable container of known volume may be used for 
the purpose, but a short cylinder of heavy glass with 
rounded bottom about 75 mm. high and having a capacity 
of from 125 to 175 cc. (a glass cap to keep dust from 
reagent bottle stopper) is a convenient apparatus for the 
purpose. The capacity of this vessel is determined to 
within 1 cc. The paste is packed into it until completely 
full, the top leveled off smooth with a spatula, and 
weighed to + 0,5 g. Subtract the weight of the empty 
container and divide the remainder by the number of 
cubic centimeters representing the capacity, of the con- 
tainer. The quotient is the specific gravity, which can 
be thus determined within + 2 in the second decimal 
place. 

(d) Mixing with Linseed Oil . — One hundred grams of 
the paste shall be placed in a cup, 18 cc. linseed oil added 
slowly with careful stirring and mixing with a spatula 
or paddle.-. The resulting mixture must be smooth and of 
• good brushing consistency:, 

(c) Moisture and Other Volatile Matter , — ^Weigh accu- 
rately from 3 to 5 g, of the paste into a tared flat-bot- 
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tomed dish about 5 cm. in diameter, spreading the paste 
over the bottom. Heat at 105 to 110“ C. for one hour, 
cool and weigh. Calculate loss in weight as percentage 
of moisture and volatile matter. 

(/) Percentage of Pigment — ^Weigh accurately about 
16 g. of the paste into a weighed centrifuge tube. Add 20 
to 30 cc. of “extraction mixture'^ (see reagents), mix 
thoroughly with a glass rod, wash the rod with more of 
the extraction mixture, and add sufficient of the reagent 
to make a total of 60 cc. in the tube. Place the tube in the 
container of a centrifuge, surround with water, and coun- 
terbalance the container of the opposite arm with a sim- 
ilar tube or a tube with water. Whirl at a moderate speed 
until well settled. Decant the clear supernatant liquid. 
Repeat the extraction twice with 40 cc. of extraction mix- 
ture and once with 40 cc. of ether. After drawing off the 
ether, set the tube in a beaker of water at about 80" C. 
or on top of a warm oven for 10 minutes, then in an oven 
it 110 to 115“ C. for two hours. Cool, weigh, and calcu- 
ate the percentage of pigment. Grind the pigment to a 
ine powder, pass through a No. 80 sieve to remove any 
skins, and preserve in a stoppered bottle. 

(g) Preparation of Fatty Acids, — To about 25 g. of the 
paste in a porcelain casserole, add 15 cc. of aqueous so- 
lium hydroxide (see reagents) and 75 cc. of ethyl alcohol, 
nix and heat uncovered on a steam bath until saponifica- 
:ion is complete (about one hour). Add 100 cc. of water, 
boil, add an excess of sulphuric acid of specific gravity 
1.2 (8 to 10 cc. will usually suffice), boil, stir, and transfer 
to a separatory funnel to which some water has been pre- 
viously added. Draw off as much as possible of the acid 
aqueous layer and lead sulphate precipitate, wash once 
with water, then add 50 cc. of water and ^0 cc. of ether. 
Shake very gently with a whirling ifiotion to dissolve the 
fatty acids in the ether, but not so violently as to form 
an emulsion. Draw off the aqueous layer and wash the 
other layer with one 15 cc. portion of water and then 
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with 6 cc. portions of water until free from sulphuric acid* 
Then draw off the water layer completely. Transfer the 
ether solution to a dry flask and add 25 to 50 g. anhydrous 
sodium sulphate. Stopper the flask and let stand with oc- 
casional shaking at a temperature below 25“ C until the 
water is completely removed from the ether solution^ 
which will be shown by the solution becoming perfectly 
clear above the solid sodium sulphate. Decant this clear 
solution, if necessary, through a dry filter paper, into a 
dry 100 cc. Erlenmeyer flask. Pass a rapid current of dry 
air (pass through a CaCla tower) into the mouth of the 
Erlenmeyer flask and heat to a temperature below 75“ C. 
on a dry hot plate until the ether is entirely driven off. 

The fatty acids prepared as above should be kept in a 
stoppered flask and examined at once. 

{h) Test for Mmcral Oil and Other Unsaponifiable 
Matter. — Place 10 drops of the fatty acid (g) in a 50 cc. 
test tube, add 5 cc. of alcoholic sgda (see reagents), boil 
vigorously for five minutes, add 40 cc. of water, and mix; 
a clear solution indicaies that not more than traces of 
unsaponifiable matter are present. If the solution is not 
clear, the oil is not pure linseed oil. 

(0 Iodine Number of Fatty Acids. — Place a small 
quantity of the fatty acids (g) in a small weighing bu- 
rette or beaker. Weigh accurately. Transfer :by drop- 
ping about 0.15 g. (0.10 to 0.20 g.) into a 500 cc. bottle 
having a well-ground glass stopper, or ah- E rlenmeyer 
flask .having a specially flanged neck foitthe iodine test. 
Reweigh the burette or beaker and determine amount of 
to dissolve the sample. ‘ Add 10 cc. of chloroform to two* 


Note. — It is iQiportant to follow all of the details since ether 
generally contains alcohol and after washing with water always 
contains water. It is very difficult to remove water and alcohol hy 
evaporation^f rom fatty acids/ but the washing of the ether solution 
and subsequent drying with anhydrous sodium sulphate removes 
both water and alcohol. Ether, ijx the absence of water and alcohol,, 
is easily removed from fatty acids by gentle heat. 
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empty bottles like that used for the sample. Add to each 
bottle 25 cc. of the Hanus solution (see reagents) and let 
stand with occasional shaking for one-half hour. Add 
10 cc, of the 16 per cent potassium iodide solution and 
100 cc. of water, and titrate with standard sodium thio- 
sulphate, using starch as indicator. The titrations on the 
two blank tests should agree within 0.1 cc. From the dif- 
ference between the average of the blank titrations and 
the titration on the sample and the iodine value of the 
thiosulphate solution, calculate the iodine number of the 
sample tested. (Iodine number is centigrams of iodine 
to 1 g. of sample.) If the iodine number is less than 170, 
the oil does not meet the specification. 

(/) Coarse Particles and Skins . — Dry in an oven at 105 
to 110° C. a No. 200 sieve, cool, and weigh accurately/ 
Weigh an amount of semipaste containing 100 g. of pig- 
ment (see 3 (/) ), add 100 cc. of kerosene, mix thor- 
oughly, and wash with kerosene through the sieve, break- 
ing up all lumps but not grinding. After washing with 
kerosene until all but the particles too coarse to pass the 
sieve have been washed through, wash all kerosene from 
the sieve with ether or petroleum ether, heat the sieve for 
one hour at 105 to 110° C., cool, and weigh. The total 
residue left on the sieve should not be more than 0.50 g. 

4. ANALYSIS OF PIGMENT 

(a) Qualitative Analysis. — A complete qualitative 
analysis following the well-established methods is always 
advisable, but the work may be usually very much short- 
Wed by adding acetic acid slowly to the pigment until all 
carbonate is decomposed (noting whether any hydrogen 
sulphide is evolved), then adding a large excess of acid 
ammonium acetate, boiling, filtering, and testing the fil- 
trate for metals other than lead and zinc (especially cal- 
cium and barium). Material meeting the specification 
should show absence of metals other than lead arid zinc 
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in this solution. Test another portion of pigment with 
hydrochloric acid (1:1). No odor of hydrogen sulphide 
should develop. 

^(h) Extending Pigments , — IVeigh accurately about 1 g. 
of the pigment, transfer to a 250 cc. beaker, moisten with 
a few drops of alcohol, add slowly dilute (about 20 per 
cent) acetic acid until all carbonate is decomposed (no 
further effervescence), then add 50 cc. of acid ammonium 
acetate solution (see reagents), and boil for two minutes. 
Decant through a weighed Gooch crucible, leaving any 
undecomposed matter in the beaker. Wash the Gooch 
crucible with a small amount (about 20 cc) of hot water. 
To the residue in the beaker add 50 cc. of the acid ammo- 
nium acetate solution and boil two minutes. Filter 
through the same Gooch crucible, transferring the in- 
soluble matter to the crucible, and wash thoroughly with 
hot water. Dry the crucible at 105 to 120° C., cool, and 
weigh. Calculate the percentage of extending and tint- 
ing pigments. 

(c) Total Lead , — Unite the filtrates from (6), heat to 
boiling, and add dropwise with stirring a light excess 
of dichromate solution (see reagents). Heat until the 
precipitate assumes an orange color, let settle, filter on a 
weighed Gooch crucible, wash by decantation with hot 
water until the washings are colorless, finally transferring 
all of the precipitate. Then wash with 10 cc* of 95 per 
cent alcohol and finally with 10 cc, of ethyl ether; Dry 
at llO to 120° C. Cool aiid weigh the lead chromate. Cal- 
culate to PbO by multiplying by the factor 0.69. 

(d) Zinc Oxide , — Weigh accurately about 1 g. of the 
pigment, transfer to a 400 cc. beaker, add 30 cc. of hydro- 
chloric acid (1:2), boil for two or three minutes, add 
200 cc. of ‘Water and a small piece of litmus paper; add 
strong ammonia until slightly alkaline, render just acid 
with hydrochloric acid, then add 3 cc. of strong hydro- 

Note. — ^If preferred, lepd may be determined as sulphate. 
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chloric acid, heat nearly to boiling, and titrate with stand- 
ard ferrocyanide as in standardizing that solution (see 
reagents). Calculate total zinc as zinc oxide. 

(e) Lead Sulphate , — Treat 1 g. of the pigment in a 
400 cc. beaker with a few drops of alcohol, add 10 cc. of 
bromine water, 10 cc. of hydrochloric acid (1:1), and 3 g. 
of ammonium chloride. Cover with a watch glass and 
heat on a steam bath for five minutes, add hot water to 
give a total volume of about 200 cc., boil for five minutes, 
filter, and wash thoroughly with hot water. Neutralize 
the clear filtrate in a covered beaker with dry sodium 
carbonate, add 1 g. more of dry sodium carbonate and boil 
for 10 to 15 minutes ; wash off cover, let settle, filter, and 
wash with hot water. Redissolve the precipitate in hydro- 
chloric acid (1:1), reprecipitate with sodium carbonate as 
above, filter, and wash thoroughly with hot water. Acid-' 
ify the united filtrates with hydrochloric acid, adding 
about 1 cc. in excess. Boil to expel bromine, and to the 
clear boiling solution add slowly with stirring 15 cc. of 
barium chloride solution (see reagents). Let stand on a 
steam bath for about one hour, filter on a weighed Gooch 
crucible, wash thoroughly with boiling water, dry, ignite, 
cool, and weigh as barium sulphate. Calculate to lead 
sulphate, using the factor 1.3. 

(7) Lead Carbonate , — ^Determine carbon dioxide by 
evolution with dilute acid and absorption in soda lime or 
potassium hydroxide solution. Calculate to basic lead 
carbonate ( 2 PbC 03 .Pb(OH) 2 ), using the factor 8.81. 

(g) Calculations , — From the percentage of lead sul- 
phate (see 4 (e) ), calculate the PbO ^uivalent, using the 
factor 0.736. From the percentage of 2 PbC 03 .Pb(OH )2 
(see 4 (/) ) , calculate the PbO equivalent, using the factor 
0.863 ; add these two PbO equivalents and subtract from 
the total lead as PbO (see 4 (c) ), add the remainder to 
the lead sulphate found (see 4 (e)) and* report the sum 
as basic sulphate. Extending and tinting pigments 
(see 4 (5)), zinc oxide (see 4 (d)), and basic lead car- 
bonate (see 4 (/) ), are reported as already calculated. 
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5. LABORATORY EXAMINATION— MIXED PAINT 

(а) Caking in Container. — Follow the procedure out- 
lined in 3 (a), noting that the paint should be no more 
difficult to break up than a good grade of mixed paint. 

(б) Color. — Follow the procedure outlined in 3 (b). 

(c) Weight per Gallon. — ^Weigh a clean, dry, 100 cc. 
graduated flask. Fill to the mark with the thoroughhly 
mixed paint and weigh again. The increase in weight ex- 
pressed in grams, divided by 100, gives the specific grav- 
ity, which multiplied by 8.34 gives the weight in pounds 
per gallon. 

(d) Brushing Properties and Time of Drying. — Brush 
the well-mixed paint on a suitable panel, which may be 
ground glass, steel, or well-filled wood. Note whether the 
paint works satisfactorily under the brush. Place the 
panel in a vertical position in a well-ventilated room and 
let stand for 18 hours. The paint should be dry and free 
from streaks. 

(e) Water. — Mix 100 g. of the paint in a 300 cc. flask 
with 76 cc. of toluol. Connect with a condenser and dis- 
till until about 50 cc. of distillate has been collected in a 
graduate. The temperature in the flask should be then 
about 105 to 110’ C. The number of cubic centimeters of 
water collecting under the toluol in the receiver is the 
percentage of water in the paint. Material complying 
with the speciflcation should yield less than 0.5 cc. 

(/) Volatile Thinner. — Follow the procedure outlined 
in 3(e). Correct the result for any water found (see 
5 (e) ) and report the remainder as volatile tHinner. 

{g) Percentage of Pigment. — Follow the procedure 
outlined in 3 (/) . 

(h) Testing Nonvolatile Vehicle. — Follow the proce- 
dure outlined in 3(p), 3(/i), and 3(i), except that in the 
preparatioA of the fatty acids the mixture of paint and 
alkali is heated on the steam bath until all volatile thinner 
is driven dff. 

((0 Coarse Particles and Skins. — Follow the procedure 
outlined in 3 (/). 
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(j) Testing Pigment — Follow the procedure outlined 
in 4(a) to 4 ((7) inclusive. 

6. REAGENTS 

(a) Acid Ammonium Acetate Solution, — Mix 150 cc. 
of 80 per cent acetic acid,. 100 cc. of water, and 95 cc. of 
strong ammonia (specific gravity, 0.90) . 

(b) Dichromate Solution. — Dissolve 100 g. of sodium 

dichromate or potassium dichromate 

(KaCr.O-) in water and dilute to 1000 cc. 

(c) Uranyl Indicator for Zinc Titration. — A 5 per 
cent solution of uranyl nitrate in water or a 5 per cent 
solution of uranyl acetate in water made slightly acid 
with acetic acid. 

( d) Standard Potassium Ferrocyanide. — Dissolve 22 g. 
of the pure salt in water and dilute to 1 000 cc. To stand- 
ardize, transfer about 0.2 g. (accurately weighed) of 
pure metallic zinc or freshly ignited pure zinc oxide to a 
400 cc. beaker. Dissolve in 10 cc. of hydrochloric acid 
and 20 cc. of water. Drop in a small piece of litmus 
paper, add ammonium hydroxide until slightly alkaline, 
then add hydrochloric acid until just acid, and then 3 cc. 
of strong hydrochloric acid. Dilute to about 250 cc. with 
hot water and heat nearly to boiling. Run in the ferro- 
cyanide solution slowly from a burette with constant 
stirring until a drop tested on a white porcelain plate 
with a drop of the uranyl indicator shows a brown 
tinge after standing one minute. A blank should be run 
with the same amounts of reagents and water as in the 
standardization. The amount of ferrocyanide solution 
required for the blank should be subtracted from the 
amounts used in standardization and in titration of the 
sample. The standardization must be made* under the 
same conditions of temperature, volume', and acidity as 
.obtained when the sample is titrated. 

(e) Barium Chloride Solution. — Dissolve 100 g. of pure 
crystallized barium chloride in water and dilute to 1000 cc. 
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(/) Standard Sodium Thiosulphate Solution, — Dissolve 
pure sodium thiosulphate in distilled water (that has been 
well boiled to free it from carbon dioxide) in the propor- 
tion of 24.83 g. crystallized sodium thiosulphate to 1000 cc. 
of the solution. It is best to let this solution stand for 
about two weeks before standardizing. Standardize with 
pure resublimed iodine. (See Treadwell-Hall, Analytical 
Chemistry, vol. 2, 3d ed., p. 646.) This solution will be 
approximately decinormal, and it is best to leave it as it 
is after determining its exact iodine value, rather than to 
attempt to adjust it to exactly decinormal. Preserve in a 
stock bottle provided with a guard tube filled with soda 
lime. 

(g) Starch Solution, — Stir up 2 to 3 g. of potato starch 
or 5 g. of soluble starch with 100 cc. of 1 per cent salicylic 
acid solution, add. 300 to 400 cc. boiling water, and boil 
the mixture until the starch is practically dissolved, then 
dilute to 1 liter. 

(h) Extraction Mixture , — 

10 volumes ether (ethyl ether) . 

6 volumes benzol. 

4 volumes methyl alcohol. 

1 volume acetone. 

(0 Aqueous Sodium Hydroxide, — ^Dissolve 100 g. of 
sodium hydroxide in distilled water and dilute to 300 cc. 

(;) Potassium Iodide Solution, — Dissolve 160 g. of po- 
tassium iodide free from iodate in distilled W.ater and 
dilute to 1000 cc. 

(k) Hmus Solution, — ^Dissolve 13.2 g. of iodine in 100.0 
cc. of 99.5 per cent glacial acetic acid, . which will' not re- 
duce chromic acid. Add enough bromine to double the 
halogen content, determined by titration (3 cc. of bromine 
is about the proper amount) . The iodine may be dissolved 
by the aid •of heat,, but the solution should be cold when 
the bromide is added. 

(l) Alcoholic Sodium Hydroxide Solution, — Dissolve 
.pure sodium hydroxide in 96 per cent ethyl alcohol in the 
proportion of about 22 g. per 1000 cc. Let stand in a stop- 
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pered bottle. Decant the clear liquid into another bottle 
and keep well stoppered. The solution should be colorless 
or only slightly yellow when used^ and it will keep color- 
less longer if the alcohol is prviously treated with sodium 
hydroxide (about 80 g. to 1000 cc.), kept at about 50“ C., 
for 15 days, and then distilled. 
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Basic pigments, effect of on aluminum corrosion 320 

sulfate white lead 266, 442 

Belladonna exposed to colored light 350,351 

Bennett, C. H., 147 

Benzol>alcohol solvent Ill, 116-120 

Beryllium 323 

Beta-napthol 216 
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oxide of iron > 294 

paint - 420 

Blacks 293 
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paint 420 
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Boiling oils, fume loss in. . . 138 

point of mineral spirits 330 
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Cartridge coatings 408 
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323 
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Damper boxes 159 
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Dawson, Edward S., Jr., 216 

Deck and floor paint 425 

Dehyrolutidine 47 
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Drier specifications. .. . 416 
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Duralumin 189 


E 
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oil absorption 121 
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Emollient for skin protection 332 

Enamel specifications 441 

Ester gums ’ 213 et seq. 

Esterified resin 215 

Ethyl benzoate 216 
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Fla£^ j)oint of mineral spirits 330 
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Glue 216, 325-326 
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Hackathorn, C. T 146 

Heat test apparatus for tung oil 87 
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Heavy-bodied linseed oil 66 
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485 



PAPERS ON PAINT AND VARNISH 


Hexylamine ! 47 

Highways, lighting of. 335 

Hollenbeck, Chas. A 217 

Horn, A. C 217 

Hostetter, D. R 146 

Hydrocarbon from shark liver oil 51-53 
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Illumination from paint 334 et seq. 

Indian reds 285 

Infusorial earth 277 

Interdepartmental specifications 445-479 

Interior cantonment paint specifications 428 

paints 399 

wall coatings 337 

Iodine number (Hiibl) of tung oil 85 

numbers of soya bean and other oils 110 

Iron phosphide 189 

powder 318 
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Keystone filler 278 
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Lacquer coatings - 327-328 

Lactic acid 216 

Lakes and toners 280-281 

Lampblack 185, 195, 209, 293, 430 

Lanthanum 323 

Lead borate - 130-131 

dust - 295 
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Mixed values of linseed oil and - 13 

method of calculating spec. grav. of 242 

Mobile eqtiipxnent, finishes for. 411 

Mode rea D 281 

Moisture, effect of on drying 121 

resistance of coatings, tests of 167 

Molybdenum 323 

Morrhurine - 47 

Multi-story varnish plants 161 

N 

Naphthalene 149 

Nestelle, F. W., 59 

Nitrate dope 168,327 

Nitrocellulose 216 
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Ochres 286 

Odor reaction equipment 160 

Oil absorption of pigments 296etseq. 

factors 299 

dope 169 

Oils: alfalfa seed 69 

banucalag 81 

blubber 42,48 

candlenut 76 

changes in upon storage 20,60 

channel cat fish 58 

com - 63, 66 

cottonseed 63,66 

dog fish 46 

domba - 73 

fur seal -.48,49 
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hempseed - .....63,66 
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perilla (see Perjlla oil) 
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sardine 66 

selection of drying 69 

shark 46, 66 

shark liver 48,49 
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soft lumbang 74, 76 

soya bean (see Soya bean oil) 

sperm 43 

sunflower 63, 66, 138, 140 

tuna fish 64, 55 

tung (see Tung oil) 

whale 43 
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manganese tung 128, 129 
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mineral . . 279 

shellac varnish . 433 
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perilla oil . 140 
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Paint and varnish remover 434 
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stucco 386 

steel . 384 

wood 388 

Painter, William ... 216 
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Paints for metal . 398 

the home ... 390 

Palo maria oil ... 71 

Para toners 280 
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Philippine lumbang oil industry 77 
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white pi^ent. 314 
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Pigment mass during oil absorption. 308 

Pigments for galvanized iron primers 322 

Pipette, acid bottle and 465 
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Polyhydric alcohols 216 

Poppy seed oil 69 
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Precipitation of pigments 349 

Preservative function of paint and varnish 378-389 

Priest, G. W., 147 
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Primers for aluniinum and galvanized iron 320 

Princes metallic 283 
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Putty 437 
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Resorcin 215 
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Rosin 216 
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tung esters 213 et seq. 
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